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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1982 BUDGET ESTIMATES 

GENERAL STATEMENT 

The Nat iona l  Aeronautics  and Space Adminis t ra t ion ,  e s t a b l i s h e d  October 1, 1958, conducts  space  and a e r o n a u t i c s  
a c t i v i t i e s  f o r  peace fu l  purposes f o r  t h e  b e n e f i t  of a l l .  
l e a d e r s h i p  i n  a e r o n a u t i c a l  and space  r e sea rch  and technology and i t s  u t i l i z a t i o n .  More s p e c i f i c a l l y ,  t h e  o b j e c t i v e s  of 
NASA a c t i v i t i e s  a r e  t o :  

NASA's a c t i v i t i e s  a r e  designed t o  main ta in  United S t a t e s  

-- Extend our  knowledge of t h e  Ear th ,  i t s  environment, t h e  s o l a r  system, and t h e  un ive r se ;  

-- Expand t h e  p r a c t i c a l  a p p l i c a t i o n s  of space technology;  

-- Dwelop ,  o p e r a t e ,  and improve manned and unmanned space  v e h i c l e s ;  

-- Improve t h e  c i v i l  and m i l i t a r y  u se fu lnes s  of a e r o n a u t i c a l  v e h i c l e s ,  whi le  minimizing t h e i r  environmental  
e f f e c t s  and energy consumption; 

-- Disseminate p e r t i n e n t  f i n d i n g s  t o  p o t e n t i a l  u s e r s ;  and 

-- Promote i n t e r n a t i o n a l  coopera t ion  i n  peacefu l  a c t i v i t i e s  i n  space. 

The NASA FY 1982 budget recommendation of  $6,725.7 m i l l i o n  provides f o r  progress  toward achievement of t h e s e  
o b j e c t i v e s  a t  a pace c o n s i s t e n t  wi th  a cons t r a ined  f i s c a l  environment. 

Space program elements  i n  t h e  recommended budget provide  f o r  progress  i n  development of t h e  o p e r a t i o n a l  c a p a b i l i t y  and  
use  of t h e  Space S h u t t l e  and r e l a t e d  systems; i n  p r a c t i c a l  a p p l i c a t i o n  of space  c a p a b i l i t i e s  i n  remote sensing of l and ,  
ocean, and a tmospher ic  cond i t i ons ,  i n  m a t e r i a l s  p roces s ing ,  and i n  communications; i n  e x p l o r a t i o n  of t h e  s o l a r  system 
and expansion of our  knowledge of t h e  un ive r se ;  and  i n  advancing t h e  technology necessary  f o r  United S t a t e s  l e a d e r s h i p  
i n  space.  Major a r e a s  of emphasis i nc lude :  

0 Development, q u a l i f i c a t i o n ,  and f l i g h t  t e s t i n g  of t h e  Space S h u t t l e  and manufacture of o r b i t e r  v e h i c l e s  on a 
schedule c o n s i s t e n t  wi th  t h e  requirements  of t h e  Department s f  Defense and c i v i l  u se r s .  The Space S h u t t l e  i s  
progress ing  toward t h e  i n i t i a l  o r b i t a l  f l i g h t  test scheduled f o r  March 1981. Add i t i ona l  o r b i t a l  f l i g h t  tests a r e  

AS 1 



scheduled dur ing FY 1981 and 1982 l ead ing  t o  a n  o p e r a t i o n a l  c a p a b i l i t y  i n  l a t e  1982. The Space S h u t t l e ,  t h e  f i r s t  
r e u s a b l e  Ear th- to-orb i t  t r a n s p o r t  v e h i c l e ,  w i l l  b e  t h e  key element i n  t h e  space t r a n s p o r t a t i o n  system which w i l l  a l s o  
i n c l u d e  upper s t a g e s  t o  provide  h igh  a l t i t u d e  o r b i t  and p l a n e t a r y  c a p a b i l i t y ,  and t h e  Spacelab being developed by t h e  
European Space Agency t o  provide  a new c a p a b i l i t y  f o r  conducting experiments i n  space.  
system w i l l  p rovide  t h e  b a s i c  c a p a b i l i t y  f o r  a new e ra  of  ope ra t ions  i n  and u t i l i z a t i o n  of space. 

This space t r a n s p o r t a t i o n  

0 
s o l a r  system and t h e  universe .  
a s  t h e  next  s t e p  a f t e r  Voyager i n  e x p l o r a t i o n  of t h e  o u t e r  p l a n e t s ;  on t h e  I n t e r n a t i o n a l  So la r  Po la r  Mission t o  o b t a i n  
new knowledge of t h e  Sun; on t h e  Space Telescope t o  provide  a quantum jump i n  our  a b i l i t y  t o  observe t h e  un ive r se ;  and 
on t h e  Gam Ray Observatory t o  s tudy extremely h igh  energy phenomena. The Venus Orbi t ing  Imaging Radar w i l l  con t inue  
e x p l o r a t i o n  of t h e  i n n e r  p l a n e t s  and i s  included a s  a new i n i t i a t i v e  i n  FY 1982. 

Space s c i e n c e  f l i g h t  miss ions  and r e s e a r c h  and a n a l y s i s  t o  expand hunran knowledge of t h e  Earth 's  environment, t h e  
S p e c i f i c a l l y ,  work w i l l  cont inue  on t h e  G a l i l e o  o r b i t e r  and probe miss ion  t o  J u p i t e r  

0 
meeting needs on Earth.  For example,  i n  FY 1982 work w i l l  cont inue  i n  p r e p a r a t i o n  f o r  launch of t h e  Landsat-D 
s p a c e c r a f t  t o  extend and improve Ear th  r e sources  obse rva t ions  from space;  on t h e  Ear th  Radia t ion  Budget Experiments 
s p a c e c r a f t  t o  measure t h e  exchange of energy between t h e  Ear th  and space;  on t h e  sea rch  and rescue  l o c a t o r  system t o  
b e  flown on weather satell i tes;  and on t h e  Nat ional  Oceanic Satel l i te  System t o  provide  g l o b a l  sensing of ocean 
cond i t ions .  P repa ra t ion  f o r  m a t e r i a l s  process ing experiments t ak ing  advantage  of t h e  space  environment r e sea rch  i n  
advanced s a t e l l i t e  communications, and a c t i v i t i e s  t o  t r a n s f e r  technology t o  nonaerospace s e c t o r s  of t h e  economy a r e  
a l s o  p a r t  of t h e  a p p l i c a t i o n s  program. 

Space a p p l i c a t i o n s  f l i g h t  missions and ground-based a c t i v i t i e s  t o  m k e  p r a c t i c a l  use  of space c a p a b i l i t i e s  i n  

0 
f u t u r e  United S t a t e s  l e a d e r s h i p  i n  space.  

Space r e s e a r c h  and technology a c t i v i t i e s  emphasizing t h e  longer  range a s p e c t s  of technology which a r e  c r u c i a l  t o  

Aeronaut ica l  r e sea rch  and technology a c t i v i t i e s  i n  t h e  recommended budget a r e  necessary  t o  advance t h e  a e r o n a u t i c a l  
technology b a s e  € o r  s a f e r ,  more economical, e f f i c i e n t  and environmental ly a c c e p t a b l e  a i r  t r a n s p o r t a t i o n  systems which 
a r e  r e spons ive  t o  cu r ren t  and p ro jec ted  n a t i o n a l  needs;  t o  mainta in  t h e  s t rong  compe t i t ive  p o s i t i o n  of t h e  United S t a t e s  
i n  t h e  i n t e r n a t i o n a l  a v i a t i o n  marketplace;  and t o  suppor t  t h e  m i l i t a r y  i n  mainta in ing t h e  s u p e r i o r i t y  of t h e  & t i o n ' s  
m i l i t a r y  a i r c r a f t .  
d i s c i p l i n e s  v i t a l  t o  a e r o n a u t i c s ;  on s p e c i f i c  technology e f f o r t s  d i r e c t e d  toward IM j o r  improvements i n  t r a n s p o r t  
a i r c r a f t  energy e f f i c i e n c y  and on sys tems  technology t o  provide  a b a s i s  f o r  improved p e r f o r m n c e  and s a f e t y  f o r  f u t u r e  
v e h i c l e s  i n  each major a i r c r a f t  ca tegory.  The N 1982 budget provides  f o r  i n i t i a t i o n  of dweloment of t h e  Numerical 
Aerodynamics Simulator ,  a major new and unique c a p a b i l i t y  i n  t h e  f i e l d  of computat ional  f l u i d  dynamics. This new 
n a t i o n a l  r e source  w i l l  have a major impact on a i r c r a f t  des ign  methods a s  w e l l  a s  on l a rge- sca le  computer des ign  
technology i n  t h i s  country .  

The FY 1982 program con t inues  emphasis on t h e  fundamental r e s e a r c h  and technology b a s e  i n  a l l  
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Resources Summa ry 

The budget authority recommended for FY 1982 t o t a l s  $ 6 , 7 2 5 . 7  mil l ion  with estimated outlays of $ 6 , 3 6 3 . 4  mil l ion  and a 
c i v i l  s erv ice  s ta f f ing  l w e l  of 2 2 , 7 1 3 .  

AS 3 



NATIONAL, AERaJAUTICS AND SPACE ADMINISTRATION 

BUDGET SUMMARY 
(Thousands o f  D o l l a r s )  

RESEARCH AND DEVELOPMENT 
Budget P l a n  

FY 1980 FY 1981 FY 1982 

Space T r a n s p o r t a t i o n  Systems.. ..................................... 2,385,000 2,681,100 3,304,200 
Space Shuttle.................................................... 1,871,000 1,943,000 2,230,000 
Space f l i g h t  operations.......................................... 446,600 683,700 1,043,000 
Expendable launch vehicles....................................... 67,400 54,400 31,200 

600,500 562,488 756,700 
Phys ics  and astronomy............................................ 336,800 344,700 451,400 
P l a n e t a r y  e~loration............................................ 219,900 175,600 256,100 

Space Science...................................................... 

L i f e  sciences.................................................... 43,800 42,188 49,200 

Space and T e r r e s t r i a l  Applications................................. 343,600 365,350 487,500 
Space applications............................................... 331.620 353.550 47 2,900 _ _  
Technology utilization........................................... 11; 980 11;800 14,600 

................................ ............................ Aeronaut ics  and Space Technology... 426,886 390,750 469,000 
Aeronaut ical  r e s e a r c h  and technology. 308,300 276,150 323,600 
Space r e s e a r c h  and technology..................................,. 115,586 110,700 141,000 
Energy technology 3,000 3,900 4,400 ................................................ 

Tracking and Data Acquisition...................................... 332,100 341,100 435,200 

TOTAL RESEARCH AND DEVELOPMENT................................. 4,088,086 4,340,788 5,452,600 

CONSTRUCTION OF FACILITIES............................................ 159,100 115,000 136,800 

RESEARCH AND PROGRAM MANAGEMENT...................................... 995,968 1 ,081 ,400d  1,136,300 

T O T A L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5,243,154 5,537,188 6,725,700 

.............................................................. OUTLAYS 4,85 1.637 5.286.ooo6.363.400 
- a/ Inc ludes  proposed supplemental  of $51,400,000 f o r  October 1980 pay raise. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

0 

0 

0 

0 

e 

0 

SPACE TRANSPORTATION SYSTEMS 

Dwelop a versa t i le  space t r a n s p o r t a t i o n  system t o  p r w i d e  f o r :  

-- Expanded c a p a b i l i t i e s  employing t h e  r eusab le  Space S h u t t l e  system -- Manned o r b i t a l  experiments using S h u t t l e  and Spacelab -- 
-- O r b i t a l  placement, s e w i c i n g ,  and r e t r i e v a l  of a u t o m t e d  s a t e l l i t e s  
-- Economy i n  t r a n s p o r t a t i o n ,  space  ope ra t ions ,  and  payload c o s t s  

Deep space  and geosynchronous miss ion  c a p a b i l i t y  w i th  upper s t a g e s  

Continue product ion  t o  provide a n a t i o n a l  f l e e t  of Space S h u t t l e  o r b i t e r s  

Conduct S h u t t l e  o r b i t a l  f l i g h t  tests during FY 1981 and 1982 

E s t a b l i s h  c a p a b i l i t y  f o r  space t r a n s p o r t a t i o n  system ope ra t ions  t o  beg in  i n  1982 

Develop t h e  So la r  Electr ic  Propuls ion  System a s  a n  advanced upper s t a g e  

Provide expendable launch v e h i c l e  s e r v i c e s  a s  r equ i r ed  b y  NASA and o t h e r  u s e r s  during t r a n s i t i o n  t o  t h e  space  
t r a n s p o r t a t i o n  system 

MAJOR FLIGHT ACTIVITY 

A A A A  Space S h u t t l e  
Development f l i g h t s  .................................. 
Opera t iona l  f l i g h t s . . .  ........................................... 

Spacelab. ...................................................... 
Upper stages................................................... 

AS 5 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE SCIENCE 

0 Inc rease  ou r  understanding of t h e  evo lu t ion  and n a t u r e  of t h e  Earth and i t s  environment, t h e  s o l a r  system, and t h e  
un ive r se  through a balanced program of space  e x p l o r a t i o n  miss ions  and ground-based i n v e s t i g a t i o n s  

Explo i t  t h e  knowledge ga ined  from c u r r e n t  and completed program e f f o r t s  b y  thorough a n a l y s i s  and i n t e r p r e t a t i o n  of 
t h e  s c i e n t i f i c  da ta  obta ined  

0 U t i l i z e  t h e  space environment f o r  r e sea rch  i n  t h e  b iomedica l ,  b i o l o g i c a l ,  and  b io ins t rumen ta t ion  f i e l d s  

MAJOR FLIGHT ACTIVITY 

Ca l enda r  Years 
1980 1981 1982 1983 1984 1985 1986 - - _ _ - - - -  

A phys ics  and  Astronomy: 
So la r  maximum mission........................... 
Space telescope.......................................................................... 
I n t e r n a t i o n a l  s o l a r  po l a r  mission........................................................ 
Gama r a y  
Shut t le fSpace lab  s c i e n c e  payloads.. 
Explorer  launches  .................................. 

Plane t a ry  Explorat ion:  
Voyager-Saturn encounters  .......................@....a 
h l i l e o . .  .A 
Venus o r b i t i n g  imaging radar................................................................ .... ............................................................................... 

A 
L i f e  Sciences:  

Dedicated l i f e  s c i ences  s p a c e l a b s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE AND TERRESTRIAL APPLICATIONS 

0 Develop and demonstrate  p r a c t i c a l  uses  of space  and space- derived technology 

-- Remote sens ing  of Ear th  r e sou rces  
-- Emironmenta l  observa t ions  from space  
-- th t e r i a l s  processing i n  space -- Space communi- t i o n s  

Accelerate t h e  t r a n s f e r  of NASA-developed r e sea rch  and technology advances t o  pub l i c  and p r i v a t e  s e c t o r s  

MAJOR FLIGHT A C T I V I T Y  

Calendar Years 
1980 1981 1982 1983 1984 1985 1986 

I a n d ~ t - D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A 
Search and r e scue  s a t e l l i t e  and o p e r a t i o n a l  eva lua t ion  phase ......A 
Ear th  r a d i a t i o n  budget experiment ......................................... 
Halogen o c c u l t a t i o n  experiment (EIALOE) A 
Nat ional  oceanic  s a t e l l i t e  s y s t e m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shut t le /Space lab  a p p l i c a t i o n s  payloads..  .......................... A 

........................................... A 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

AERONAUTICAL RESEARCH AND TECHNOLOGY 

0 P r w i d e  a technology b a s e  f o r  c u r r e n t  and f u t u r e  c i v i l  and m i l i t a r y  a i r c r a f t  t o :  

-- Reduce energy requirements  -- Imprwe  p e r f o r m n c e  -- I n c r e a s e  s a f e t y  -- Decrease environmenta 1 e f f e c t  s 
-- Reduce c o s t s  

Achieve t h e s e  o b j e c t i v e s ,  by means of ground and f l igh t- based  r e s e a r c h  and technology a c t i v i t i e s ,  through advances i n  
t h e  technology a r e a s  o f :  

-- M t e r i a l s  and s t r u c t u r e s  -- Propuls ion 
-- Avionics and f l i g h t  c o n t r o l  
-- Aerodynamics 
-- Operat ions  -- Hum n-v e h i  c 1 e i n  t era  c t i o n s  

M j o r  technology e f f o r t s :  

-- 
-- Numerical aerodynamic s imula to r  

Technology f o r  energy e f f i c i e n c y  i n  t r a n s p o r t  a i r c r a f t  

AS 8 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SPACE RESEARCH AND TECHNOLOGY 

0 Provide a technology b a s e  e s s e n t i a l  t o  f u t u r e  United S t a t e s  l eade r sh ip  i n  space  by:  

-- Imprwing p e r f o m n c e  and e f f e c t i v e n e s s  
-- Reducing c o s t  and r i s k  -- Inc reas ing  r e l i a b i l i t y  -- Developing t echnologica 1 opt i o n s  

Achieve t h e s e  o b j e c t i v e s ,  b y  means of ground and space-based r e sea rch  and technology a c t i v i t i e s ,  through advances i n  
t h e  technology a r e a s  o f :  

-- Aerothermodynamics 
-- h t e r i a l s  and s t r u c t u r e s  
-- E l e c t r o n i c s  and a u t o m t i o n  -- Chemical and e l e c t r i c  propuls ion  
-- Space power systems 
-- Component s t a n d a r d i z a t i o n  
-- Spacec ra f t ,  t r a n s p o r t a t i o n ,  and i n f o r m  t i o n  systems 

MAJOR FLIGHT ACTIVITY 

Calendar Y e a r s  
1980 1981 1982 1983 1984 1985 1986 

Space technology Shutt le/Spacelab payloads.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ENERGY TECHNOLOGY 

Energy technology a c t i v i t i e s  t o  f a c i l i t a t e  u s e  of NASA-developed ae rospace  t echno log ies ,  exper ience  and f a c i l i t i e s  t o  
meet t h e  program needs of t h e  Department of Energy and o t h e r  agenc ies  r e s p o n s i b l e  f o r  energy programs 

TRACKING AND DATA ACQUISITION 

0 Worldwide networks of ground s t a t i o n s  in te rconnec ted  wi th  h igh ly  r e l i a b l e  communications t o  provide support  t o :  

-- S h u t t l e  o r b i t a l  f l i g h t  t e s t s  -- Automated Ear th  o r b i t i n g  miss ions  - a n  ave rage  of f o r t y  a p p l i c a t i o n s  and s c i e n t i f i c  spacec ra f t  w i l l  b e  supported 
inc lud ing  t h e  Nimbus, Landsat-D, I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer,  I n t e r n a t i o n a l  Sun Earth Explorer,  High 
Energy Astronomy Observations,  App l i ca t ion  Technology S a t e l l i t e s ,  I n t e r n a t i o n a l  So la r  Maximum Mission, I n f r a r e d  
Astronomical S a t e l l i e ,  Dynamics Explorer ,  and So la r  Mesospheric Explorer  
P lane ta ry  miss ions  - support  w i l l  cont inune f o r  Pioneers  10 and 11 and Voyagers 1 and 2 a s  w e l l  a s  l i m i t e d  
suppor t  € o r  Viking, Hel ios  , and earlier Pioneer miss ions  

-- 
-- Sounding r o c k e t s  -- Aeronaut ica l  f l i g h t  r e sea rch  program 

AS 10 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1982 ESTIMATES 

SUMMARY OF APP ROPRIAT IONS 
(Thousands of  Do l l a r s )  

App rop r i a t  i o n s  

Research and Development 
Bas i c  app rop r i a t i on .  ............................................... 
Supplemental f o r  Space Shu t t l e .  .................................... 

(PL 96-304 and PL 96-526) ............................... Rec i s s ions  
T rans fe r r ed  t o  Cons t ruc t ion  of Faci l i t ies . . . . . . . . . . . . . . . . . . . . , . . . . .  

Cons t ruc t ion  of F a c i l i t i e s  
Bas i c  appropriation................................................ 
T rans fe r r ed  from Research and Development. ......................... 

Research and Program Management 
Bas i c  app rop r i a t i on .  ............................................... 
Supplemental app rop r i a t i on  f o r  c i v i l i a n  pay r a i s e s ,  PL 96-304.. .... Unobligated ba lance  l aps ing .  ....................................... 
Proposed supplemental f o r  c i v i l i a n  pay raises...................... 

To ta l .  ........................................................... 

FY 1980 

4,088,086 
3,807,500 

285,000 
- 1 ,414 
-3,000 

159,100 
156,100 

3,000 

995,968 
959,900 

-218 
36,286 

5,243,154 

FY 1981 

4,340,788 
4,396,200 --- 

-55,412 
--I 

11 5,000 
115,000 

1,081,400 
1,030,000 

--- 
51,400 

5,537,188 

FY 1982 

5,452,600 
5,452,600 

136,800 
136,800 

6,725,700 

1,136,300 
1,136,300 

-a- _- -  --- 

AS 11 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1982 ESTIMATES 

SUMMARY RECONCILIATION OF APPROPRIATIONS TO BUDGET PLANS 
(Thousands o f  Dol la rs )  

Research and 
Tot a1 Development 

Appropriat ion,  PL 96-103.. ................. 4,923,500 3,807,500 

- F i s c a l  Year 1980 

Resc iss ion ,  PL 96-304...................... -1,414 -1,414 

Trans fe r  between accounts.................. --- - 3,000 
Supplemental Appropriat ion,  PL 96-304.. .... 321,286 285,000 

Unobligated ba lance  laps ing . .  -218 ---  .............. 
Tota l  Budget Plan..  ...................... 5,243,154 4,088,086 

F i s c a l  Year 1981 

Appropriat ion,  PL 96-526.. ................. 5,541,200 

Proposed supplemental f o r  c i v i l i a n  pay 
Resc iss ion ,  PL 96-526...................... -55,412 

raises................................... 51,400 

To ta l  Budget Plan.. ...................... 5,537,188 

F i s c a l  Year 1982 

Appropriat ion reques t lbudget  plan.. ........ 6,725,700 

4,396,200 
-55,412 

--- 
4,340,788 

Cons t ruc t ion  
o f  F a c i l i t i e s  

156,100 -- - --- 
+3,000 ---  

159,100 

115,000 --- 

115,000 

136,800 

Research and 
Program 

Management 

959,900 

36,286 
--- 
--- 

-218 

995,968 

1,030,000 --- 
51,400 

1,081,400 

1,136,300 
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Johnson Space Center ........... 
Kennedy Space Center.... ....... 
Marshall Space Flight Center ... 
National Space Technology 
Laboratories.. ............... 

Goddard Space Flight Center.... 

Wallops Flight Center.......... 

Ames Research Center........... 
Dryden Flight Research Center.. 
Langley Research Center........ 
Lewis Rerearch Center .......... 
Headquarters ................... 
Undistributed Construction of 

Jet Propulsion Laboratory ...... 

Facilities: 
Various Locations............ 
Space Shuttle Facilities ..... 
Rehabilitation and 
Modification. .............. 

Minor Construction...... ..... 
Facility Planning and Design. 

L 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1982 ESTIMATES 

SUMMARY OF BUDGET PLANS BY INSTALLATION BY APPROPRIATION 
(Millions of Dollars) 

Total 
1980 1981 1982 

1,557.8 1,679.7 1,775.2 
461.7 506.2 559.5 

1,039.3 1,193.1 1,455.8 

16.7 16.7 16.3 

688.1 729.1 935.5 
319.0 282.9 416.9 
39.0 42.3 50.5 

257.4 226.8 274.5 
38.5 41.9 48.6 
308.8 292.9 311.7 
274.1 266.9 269.9 

225.4 243.6 590.8 

.9 2.9 8.0 
2.5 2.0 1.1 

.2 
.2 .2 

14.0 10.0 11.0 

-__  --- 
--- 

Research and Develoument 
1980 1981 1982 

1,388.0 1,500.9 1.590.0 
300.6 349.3 376.2 
863.8 1,009.2 1,273.3 

9.4 8.3 8.3 

551.1 581.2 778.2 
315.4 276.0 403.3 
17.5 18.5 27.9 

147.9 137.9 174.5 
16.9 18.3 23.3 
170.9 145.2 167.3 
170.7 151.8 146.3 

135.9 144.2 484.0 

Construction 
of 

Facilities 
1980 1981 1982 

5.1 
27.9 
*19.6 

2.4 

3.5 
3.6 
3.8 

42.1 
1.2 

23.9 
8.6 

___-  

.9 
2.5 

--_ -__  

4.8 
20.3 

*11.3 

2.4 

5.7 
13.6 
2.2 

22.1 
1.5 
16.8 
15.6 

--- 

8.0 
1.1 

.2 

.2 

4.5 
4.8 

*18.8 

2.8 

4.2 
6.9 
3.4 

15.1 
1.0 

24.7 
13.7 

--- 

2.9 
2.0 

-__  
.2 .~ 

14.0 10.0 11.0 - 

Research and 
Program Management 

1980 1981 1982 

164.7 174.3 180.4 
133.2 152.1 163.0 
155.9 165.1 171.2 

4.9 5.6 5.6 

133.5 143.7 151.6 

17.7 20.4 20.4 

67.4 73.8 17.9 
20.4 22.6 23.8 
114.0 123.0 127.6 
94.8 101.4 108.0 

89.5 99.4 106.8 

_-- -- -  __ -  

*Include* Michoud hrembly Facility. ....................................................... 11.8 12.2 5.6 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND PROGRAM MANAGEMENT 

FISCAL YEAR 1982 ESTIMATES 

TOTAL NUMBER OF PERMANENT POSITIONS 

END OF YEAR 

I n s t a l l a t i o n  

Johnson Space Center  ................................................................. 
Kennedy Space Center  ................................................................. 
Marsha l l  Space F l i g h t  Center ......................................................... 
Nat iona l  Space Technology Labora tor ies  ............................................... 
Goddard Space F l i g h t  Center .......................................................... 
Wallops F l i g h t  Center  ................................................................ 
Ames Research Center  ................................................................. 
Dryden F l i g h t  Research Center ........................................................ 
Langley Research Center .............................................................. 
Lewis  Research Center ................................................................ 
Headquarters  ......................................................................... 

Tota l .  Permanent P o s i t i o n s  ......................................................... 

FY 1980 

3 . 469 

2 .  191 

3 . 561 

103 

3 . 444 

3 95 

1. 658 

461 

2. 980 

2 .  835 

1. 516 

22 .  613 

FY 1981 

3 .  489 

2 .  201 

3 . 561 

103 

3 . 444 

3 95 

1 . 658 

461 

2.  980 

2 .  835 

1. 586 

22.  713 

FY 1982 

3 . 489 

2 .  201  

3 .  561 

103 

3 .  444 

395  

1. 658 

461 

2 . 980 

2 .  835 

1. 586 

22. 713 

AS 14 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

ADMINISTRATOR 

DEPUTY ADMINISTRATOR 

USOCIATE MCUW ADMINISTRATOR 

ASSISTANT f O 1  SPfCIAL PROIECTS 

f X f C U T l V f  OfFlCER 

GENERAL COUNSEL --- 
ADMINISTRATOR ADMINISTRATOR ADMINISTRATOR 

I FOR SPACE AND 
TERRESTRIAL I APPLICATIONS 

RESEARCH CENTER RESEARCH CENTER 
Y O F f r l T  F l f L U .  CALlP G R f L N I f  LT. MU 

I I 

-1 CHIEF ENGINEER I 

ASSOCIATE 
ADMINISTRATOR 

MANAGEMENT 
I FOR 

OPERATIONS 

ASSOCIATE 
ADUINISTRATOR I FOR 1 

EXTERNAL RELATIONS 

ADMINISTRATOR 
FOR SPACE 

TRANSPORTATION 
SVSTEUS 

ADMINISTRATOR 

FOR SPACE TRACKING 
h DATA SVSTEYL 

ADMINISTRATOR 

TRANSPORTATIW 
OPERATIWS 

GEORGE C. MARSHALL 
SPACE FLIGHT CENTER 

MUNTSVILLf. ALA I A S A O I N A .  C A L I f  

RESEARCH CENTER RESEARCH CENTER SPACE CENTER 
MAMITON ,VA CLCVfLANO. OM10 HOUSTON Tf  *AS 

WALLOPS 
w o w  CENTER 

NATIOWAL Y*cE 
-rfO(NOLWY l.AmnAlORIE1 

AS 15 





,
 



FISCAL YEAR 1982 ESTIMATES 

GJZKERAL STATEMENT 

The o b j e c t i v e s  of t h e  Nat iona l  Aeronautics  and Space Administrat ion program of r e sea rch  and development a r e  t o  extend 
our  knowledge of t h e  Ear th ,  i t s  space environment, and t h e  universe ;  t o  expand t h e  p r a c t i c a l  a p p l i c a t i o n s  of space  
technology;  t o  develop,  ope ra t e ,  and improve manned and unmanned space v e h i c l e s ;  t o  provide  technology f o r  improving t h e  
performance of a e r o n a u t i c a l  v e h i c l e s  whi le  minimizing t h e i r  environmental e f f e c t s  and energy consumption; and  t o  a s s u r e  
continued development of t h e  a e r o n a u t i c s  and space  technology necessary  t o  accomplish n a t i o n a l  goa l s .  These o b j e c t i v e s  
a r e  achieved  through t h e  fol lowing elements: 

SPACE TUHSPORTATION SYSTEHS: 
space  ope ra t ions .  
economical space  t r a n s p o r t a t i o n  system t o  provide  round t r i p  a c c e s s  t o  space and o p e r a t i o n a l  c a p a b i l i t i e s  t o  m e e t  c i v i l  
and defense  needs i n  t h e  u se  of space. 

A program t o  provide  t h e  t r a n s p o r t a t i o n  and r e l a t e d  c a p a b i l i t i e s  r equ i r ed  t o  conduct 
The major development o b j e c t i v e  i s  t h e  r eusab le  Space S h u t t l e  and o t h e r  elements  of a versa t i le ,  

SPACE SCIKNCE: A program using space  systems,  supported b y  ground-based and a i r b o r n e  obse rva t ions ,  t o  conduct a broad  
spectrum of s c i e n t i f i c  i n v e s t i g a t i o n s .  
environment, t h e  Sun, t h e  p l a n e t s ,  i n t e r p l a n e t a r y  and i n t e r s t e l l a r  space ,  t h e  o t h e r  s t a r s  of our  ga laxy  and t h e  
universe .  

The o b j e c t i v e  i s  t o  advance our  knowledge of t h e  Ear th  and i t s  space 

SPACE AND TERRESTRIAL APPLICATIONS: 
t echniques  i n  t h e  a r e a s  of advanced communications s a t e l l i t e  systems technology;  m a t e r i a l s  process ing  r e sea rch  and 
exper imenta t ion ;  and remote sens ing  t o  a c q u i r e  informat ion  which w i l l  a s s i s t  i n  s o l u t i o n  of Earth r e sou rces  and 
environmental  problems. 
based  r e s e a r c h  and da ta  a n a l y s i s  a c t i v i t i e s .  
t h e  p u b l i c  and t h e  p r i v a t e  s e c t o r s  of advances achieved  i n  NASA's r e sea rch ,  technology and development programs. 

AKROlW.lTICS AND SPACE TJXEHOLOGY: 
t o  main ta in  t h e  United S t a t e s  l e a d e r s h i p  i n  a e r o n a u t i c s  and space. 
eva lua t ion  of elements  of NASA's a e r o n a u t i c s  and space technology which can b e n e f i t  n a t i o n a l  energy programs. 

TRACKIE AND DATA AWUISITION: 
s u b o r b i t a l  and a e r o n a u t i c a l  a c t i v i t i e s .  

A program t o  i d e n t i f y ,  develop,  and demonstrate  t h e  u s e f u l  a p p l i c a t i o n s  of space  

To accomplish t h e s e  o b j e c t i v e s ,  t h e  program employs s p a c e c r a f t ,  a i r b o r n e  systems,  and ground- 
The program inc ludes  a c t i v i t i e s  t o  a c c e l e r a t e  t h e  d isseminat ion  t o  b o t h  

A program t o  conduct t h e  fundamental r e sea rch  and t o  develop t h e  technology r equ i r ed  
The program a l s o  provides  f o r  i d e n t i f i c a t i o n  and 

A program u t i l i z i n g  a worldwide antenna network t o  support  deep space, Ear th  o r b i t a l ,  
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SPACE TBARSPORTATIOR SYSTEMS 

Space t r a n s p o r t a t i o n  system a c t i v i t i e s  p r w i d e  a l l  of t h e  t r a n s p o r t a t i o n  and  a s s o c i a t e d  support  c a p a b i l i t i e s  r equ i r ed  
t o  conduct space  opera t ions .  These a c t i v i t i e s  c u r r e n t l y  focus  on t h e  development and f l i g h t  t e s t i n g  of t h e  Space 
Shu t t l e .  The Space S h u t t l e ,  t h e  f i r s t  r e u s a b l e  Earth- to- orbi t  t r a n s p o r t  v e h i c l e ,  w i l l  b e  t h e  key element i n  t h e  space  
t r a n s p o r t a t i o n  system which will a l s o  i n c l u d e  upper s t a g e s  t o  p r w i d e  h igh  a l t i t u d e  o r b i t  and p l ane t a ry  c a p a b i l i t i e s ,  
and t h e  Spacelab being developed by  t h e  European Space Agency t o  p r w i d e  a new c a p a b i l i t y  f o r  conducting experiments  i n  
space. The space  t r a n s p o r t a t i o n  system w i l l  p r w i d e  t h e  b a s i c  c a p a b i l i t y  f o r  a new era of ope ra t i ons  i n  and u t i l i z a t i o n  
of space. 

The Space S h u t t l e ' s  v e r s a t i l i t y  and r e u s a b i l i t y  a r e  key elements  i n  opening a new e ra  of expanded use  of space  f o r  a 
wide v a r i e t y  of Earth a p p l i c a t i o n s ,  s c i e n t i f i c ,  defense ,  and t echno log ica l  a c t i v i t i e s .  The S h u t t l e  w i l l  c o n s i s t  of a 
r e u s a b l e  delta-wing o r b i t e r  v e h i c l e  w i th  t h r e e  main engines ,  a n  expendable p r o p e l l a n t  t ank ,  and  r eusab le  twin  s o l i d  
rocket  b o o s t e r s .  The S h u t t l e  w i l l  provide  unique c a p a b i l i t i e s  f o r  placement and r e t r i e v a l  of s a t e l l i t e s ,  i n- orb i t  
s e r v i c i n g  of s a t e l l i t e s ,  and d e l i v e r y  t o  Fa r th  o r b i t  of payloads and p ropu l s ive  s t a g e s  f o r  h igh  a l t i t u d e  and p l ane t a ry  
missions.  The advent  of r e a d i l y  a v a i l a b l e ,  economical t r a n s p o r t a t i o n  t o  and from low Earth o r b i t  f o r  automated 
payloads,  a s  w e l l  a s  f o r  s c i e n t i s t s  and o t h e r  personnel ,  w i l l  r e v o l u t i o n i z e  our  concepts  of using space and w i l l  expand 
t h e  r e t u r n s  from space  ope ra t ions .  The Shu t t l e ' s  unique c a p a b i l i t i e s  w i l l  not  on ly  lower t h e  cos t  of space o p e r a t i o n s  
b u t  w i l l  a l s o  l e a d  t o  sav ings  i n  t h e  c o s t s  of payloads. These a n t i c i p a t e d  sav ings  w i l l  r e s u l t  from r e p a i r  and r e u s e  of 
payloads and r e l a x a t i o n  of weight and s i z e  c o n s t r a i n t s .  The advantages o f f e r e d  by  t h e  space  t r a n s p o r t a t i o n  system wer 
e x i s t i n g  expendable launch systems w i l l  enhance b o t h  t h e  f l e x i b i l i t y  and t h e  p r o d u c t i v i t y  of space  missions.  

The S h u t t l e  development program i s  i n  t h e  f i n a l  s t a g e s  of c e r t i f i c a t i o n  t e s t i n g  f o r  a l l  e lements  wi th  t h e  f i r s t  manned 
o r b i t a l  f l i g h t  test planned f o r  % r c h  1981. The t i l e  i n s t a l l a t i o n  on O r b i t e r  102, Columbia, was e s s e n t i a l l y  completed 
i n  November and t h e  o r b i t e r  was mwed from t h e  o r b i t e r  processing f a c i l i t y  t o  t h e  v e h i c l e  assembly bu i ld ing .  
rocke t  b o o s t e r s  and e x t e r n a l  t ank  were mated on a mobile launch p la t form i n  t h e  v e h i c l e  assembly b u i l d i n g  and were ready 
t o  receive t h e  o r b i t e r .  
and t h e  e n t i r e  assembly was mwed t o  t h e  launch pad on December 29, 1980. 

The s o l i d  

The assembly and t e s t i n g  work i n  t h e  v e h i c l e  assembly b u i l d i n g  was completed during December 

Progress  i n  w i n  engine t e s t i n g  suppor t s  t h e  planned f l i g h t  test .  Approximately 100,000 seconds of ground t e s t i n g  
have been  accomplished. The s i g n i f i c a n t  t e c h n i c a l  problems encountered dur ing  1980 have  been  co r r ec t ed  and t h e  f o u r  
p re l imina ry  f l i g h t  c e r t i f i c a t i o n  test c y c l e s  have been  completed. Addi t iona l  component t e s t i n g  and one a d d i t i o n a l  main 
p ropu l s ion  system t e s t  a r e  planned b e f o r e  t h e  f i r s t  o r b i t a l  f l i g h t .  All f l i g h t  engines  have been  r e t e s t e d  a s  a 
p recau t ion  s i n c e  a number of changes have been  inco rpo ra t ed .  

The p a s t  yea r  h a s  been  marked b o t h  by  s i g i n i f i c a n t  p rog re s s  i n  remedying t e c h n i c a l  concerns and a comprehensive r e v i e w  
of t h e  program's c e r t i f i c a t i o n  s t a t u s  by  a n  independent rwiew t e a m  under t h e  NASA Chief Engineer. The review team 



poin ted  out  c e r t a i n  d e f i c i e n c i e s  i n  t e s t i n g  and documentation which have been  co r r ec t ed .  
a l l  program elements  i n  J u l y  1980, a launch r ead ines s  date of March 1981 was e s t a b l i s h e d  f o r  t h e  f i r s t  manned o r b i t a l  
f l i g h t .  Progress  during t h e  second h a l f  of 1980 i n d i c a t e d  a reasonable  chance of meeting t h i s  schedule.  An e igh teen  
month o r b i t a l  f l i g h t  test program i s  planned l ead ing  t o  a n  i n i t i a l  o p e r a t i o n a l  c a p a b i l i t y  i n  l a t e  1982. 

Af te r  examining t h e  s t a t u s  of 

I n  t h e  S h u t t l e  product ion  program O r b i t e r  099, used i n  t h e  development phase a s  t h e  s t r u c t u r a l  test a r t i c l e ,  i s  be ing  
modified t o  a n  o p e r a t i o n a l  v e h i c l e  w i th  d e l i v e r y  planned f o r  mid-1982. 
rnanufactured a s  new v e h i c l e s  w i th  d e l i v e r y  scheduled f o r  t h e  l a t e  1983 and 1984 t imeframe r e s p e c t i v e l y .  I n  FY 1982 
e f f o r t s  w i l l  b e g i n  on procurement of long l e a d  m a t e r i a l  f o r  a f i f t h  o r b i t e r .  Fab r i ca t i on  of main engines i s  w e l l  
underway; development and c e r t i f i c a t i o n  t e s t i n g  of t h e  f u l l  power level (109% of r a t e d  power l e v e l )  configured engine  i s  
planned f o r  completion i n  e a r l y  FY 1983. 

O r b i t e r  103 and O r b i t e r  104 a r e  be ing  

For FY 1981, funding w i l l  b e  t i g h t l y  cons t r a ined  because  requirements  f o r  des ign ,  development, t e s t ,  and e v a l u a t i o n  
have inc reased  s i g n i f i c a n t l y  a s  a r e s u l t  of t e c h n i c a l  problems and schedule  changes s i n c e  development of t h e  FY 1981 
budget .  
S h u t t l e  requirements .  Within t h e  Space S h u t t l e  program, i t  has  been  necessary  t o  r e a l l o c a t e  a v a i l a b l e  funding among t h e  
v a r i o u s  program elements. 

The schedule  changes w i l l  make i t  p o s s i b l e  t o  reprogram $70 m i l l i o n  from Space F l i g h t  Operat ions t o  meet Space 

For FY 1982, t h e  budget f o r  des ign ,  development, test  and eva lua t ion  covers  t h e  es t imated  cos t  f o r  completing t h e  
development and f l i g h t  test program. The FY 1982 budget f o r  product ion  provides  f o r  p rog re s s  on t h e  second, t h i r d ,  and 
f o u r t h  o r b i t e r s  based on t h e  above d e l i v e r y  schedules  and f o r  product ion  of main engines ,  f o r  spa re s  and equipment, and 
f o r  second l i n e  ground support  equipment a t  t h e  Kennedy Space Center.  The budget recommendation a l s o  provides a t o t a l  
of $300 m i l l i o n  f o r  changes and systems upgrading t o  m e e t  a d d i t i o n a l  requirements  and improvements needed a s  a r e s u l t  of 
a c t u a l  f l i g h t  exper ience .  

The p r o j e c t e d  demand f o r  Space S h u t t l e  f l i g h t  miss ions  b y  t h e  Department of Defense and c i v i l  s e c t o r  u s e r s  i n d i c a t e s  
that i t  would b e  prudent t o  undertake product ion  of a f i f t h  o r b i t e r  on a schedule  t h a t  provides  f o r  a l o g i c a l  f low of 
work fo l lowing  t h e  p r e s e n t l y  a u t h o r i z e d  product ion.  The FY 1982 budget i n c l u d e s  funding f o r  lead t ime m a t e r i a l s  and 
f a b r i c a t i o n  e f f o r t  t o  p re se rve  t h e  op t ion  of product ion  of a f i f t h  o r b i t e r  t o  b e  de l ive red  about  a year  and a ha l f  a f t e r  
t h e  f o u r t h  o r b i t e r .  

Progress  on t h e  Space S h u t t l e  w i l l  b e  matched i n  o t h e r  a c t i v i t i e s  v i t a l  t o  t h e  es tab l i shment  of t h e  space 
t r a n s p o r t a t i o n  system o p e r a t i o n a l  c a p a b i l i t y  and t o  p repa ra t i ons  f o r  e a r l y  o p e r a t i o n a l  missions.  The Spacelab, a 
mul t ipurpose  l a b o r a t o r y  c a r r i e d  i n  t h e  l a r g e  cargo  bay  of t h e  Space S h u t t l e ,  w i l l  a l l o w  s c i e n t i s t s ,  r e s e a r c h e r s ,  and 
t e c h n i c i a n s  t o  conduct t h e i r  experiments  i n  t h e  unique environment of space. The Spacelab i s  be ing  designed and b u i l t  
b y  t h e  European Space Agency, wi th  t e n  European n a t i o n s  p a r t i c i p a t i n g  i n  t h i s  development. 
f o r  u se  w i th  t h e  S h u t t l e  f o r  p l ane t a ry  miss ions  and f o r  Ear th  o r b i t a l  miss ions  such a s  geosynchronous miss ions ,  
r e q u i r i n g  a l t i t u d e s  beyond t h e  b a s i c  S h u t t l e  capabi ty .  A s o l i d  p rope l l an t  upper s t a g e  f o r  l a r g e  Fa r th  o r b i t a l  payloads 

Upper s t a g e s  a r e  r equ i r ed  
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i s  under development by  t h e  Department of Defense. For p l ane t a ry  miss ions ,  t h e  op t ion  f o r  use  of a modified v e r s i o n  of 
t h i s  s t a g e  o r  a modif ied Centaur upper s t a g e  i s  under r e v i e w .  Spinning s o l i d  upper s t a g e s  a r e  being developed and  
produced commercially t o  b e  used f o r  smaller Ear th  o r b i t a l  payloads. Development of a n  advanced upper s t a g e ,  t h e  So la r  
Electric Propuls ion  System, will b e  i n i t i a t e d  i n  N 1981 and w i l l  cont inue  i n  FY 1982. This s t a g e  w i l l  b e  d r iven  b y  
s o l a r  e l e c t r i c  power and ion i zed  mercury r a t h e r  t h a n  convent iona l  p r o p e l l a n t s  and w i l l  meet requirements  of missions 
needing h igh  t o t a l  impulse and long d u r a t i o n  t h r u s t .  Other development and a c q u i s i t i o n  a c t i v i t i e s  r e l a t e d  t o  t h e  Space 
T ranspor t a t i on  System inc lude  ground support  and c o n t r o l  equipment, mu l t i u se  miss ion  support  equipment, and t r a i n i n g  
equipment. 

Space t r a n s p o r t a t i o n  system o p e r a t i o n a l  miss ions  a r e  scheduled t o  b e g i n  i n  l a t e  1982. The FY 1982 budget provides  f o r  
t h e s e  miss ions  through continued procurement, assembly,  and checkout of t h e  s o l i d  rocket  b o o s t e r ,  e x t e r n a l  tank  and 
upper s t a g e s ;  and  through f l i g h t  planning,  a v i o n i c s  sof tware ,  miss ion  i n t e g r a t i o n  a c t i v i t i e s ,  f l i g h t  c o n t r o l  systems,  
c r e w  procedures ,  crew t r a i n i n g ,  crew equipment, and o t h e r  mission o r i en t ed  a c t i v i t i e s .  

Space t r a n s p o r t a t i o n  system a c t i v i t i e s  dur ing  FY 1982 w i l l  a l s o  p r w i d e  expendable launch v e h i c l e s  and services, a s  
w e l l  a s  engineer ing  suppor t ,  t o  meet t h e  heavy demnd f o r  space t r a n s p o r t a t i o n  during t h e  per iod  of t r a n s i t i o n  t o  t h e  
space  t r a n s p o r t a t i o n  system. 

SPACE SCIENCE 

The space s c i e n c e  program uses  space systems supported by a i r b o r n e  and ground-based observa t ions  t o  s tudy  t h e  Ear th  
and i t s  space  environment, t h e  Sun, t h e  p l a n e t s ,  and i n t e r p l a n e t a r y  and i n t e r s t e l l a r  space ,  and t h e  o t h e r  s t a r s  of our  
ga laxy  and  untverse .  Resu l t s  from t h e s e  i n v e s t i g a t i o n s  s i g n i f i c a n t l y  c o n t r i b u t e  t o  our  understanding of t h e  un ive r se ,  
i nc lud ing  t h e  key ques t ions  of l i f e ,  nntter, and energy and t h e  complex pheonomena t h a t  have such a profound e f f e c t  on 
l i f e  and environment on Earth.  

The Sun e x e r t s  a primary i n f l u e n c e  on t h e  Ear th  and i t s  immediate environment. A series of o r b i t i n g  s o l a r  observa tory  
The d i s c o v e r i e s  from t h e s e  miss ions ,  from t h e  experiments flown missions have been  conducted t o  s tudy  s o l a r  pheonomena. 

during t h e  Skylab program, and from t h e  So la r  Maximum Mission launched i n  1980 t o  s tudy  t h e  sun during t h e  per iod  of 
peak s o l a r  f l a r e  a c t i v i t y ,  a r e  r evo lu t ion i z ing  our  understanding of t h e  Sun. The I n t e r n a t i o n a l  So la r  Polar  Mission, a 
j o i n t  NASA and European Space Agency miss ion ,  w i l l  p r w i d e  i n f o r m t i o n  on t h e  p o l a r  r eg ions  of t h e  Sun--regions which 
cannot b e  observed from t h e  Earth o r  from c u r r e n t  s p a c e c r a f t .  
reg ions ,  two spacec ra f t  w i l l  b e  launched by  t h e  Shu t t l e luppe r  s t a g e ,  w i l l  swing p a s t  J u p i t e r ,  and use  t h e  g r a v i t y  of 
that g i a n t  p l ane t  t o  send one spacec ra f t  wer t h e  n o r t h  p o l e  of t h e  Sun, and t h e  o t h e r  spacec ra f t  Over t h e  south  pole .  
The measurements t o  b e  made a r e  expected t o  y i e l d  previous ly  unknown i n f o r m t i o n  about  t h e  Sun and  i t s  dynamics and  t o  
advance our  understanding of t h e  l i n k  between s o l a r  a c t i v i t y  and weather and c l i m a t e  t r e n d s  on Earth.  

To ach ieve  t h e  t r a j e c t o r i e s  r equ i r ed  t o  s tudy  t h e s e  p o l a r  
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Development of t h e  Space Telescope w i l l  cont inue.  This  m u l t i p l e  purpose t e l e s c o p e  w i l l  b e  launched by t h e  S h u t t l e ,  
and will serve a s  a h igh ly  v e r s a t i l e  astronomy observa tory  i n  space f o r  Over a decade. The Space Telescope w i l l  g r e a t l y  
expand t h e  volume of space a c c e s s i b l e  f o r  obse rva t ion ,  con t r ibu t ing  s i g n i f i c a n t l y  t o  our  understanding of t h e  o r i g i n  and 
evo lu t ion  of t h e  universe  and i t s  energy-generat ing mechanisms. 

The t h r e e  High Energy Astronomy Observatory miss ions  have been  s u c c e s s f u l l y  launched and a r e  y i e l d i n g  important  
s c i e n t i f i c  i n f o r m t i o n .  
r ay  ins t ruments .  
Earth r e l a t i o n s h i p s ,  and on payloads which w i l l  c a p i t a l i z e  on t h e  unique c a p a b i l i t i e s  of t h e  Space S h u t t l e  and 
Spacelab. The Gamm Ray Observatory,  i n i t i a t e d  i n  1981, w i l l  t a k e  a s i g n i f i c a n t  next s t e p  i n  h igh  energy a s t r o -  
physics .  This  mission w i l l  conduct a comprehensive whole-sky survey i n  t h e  h ighes t  energy r eg ion  of t h e  e lec t romagnet ic  
spectrum, which w i l l  advance knowledge of  t h e  nuc l ea r  processes  occuring i n  t h e  un ive r se ,  and of t h e  n a t u r e  and dynamics 
of p u l s a r s ,  g a l a c t i c  gamma ray  processes ,  neut ron  s t a r t s ,  and b l a c k  ho le s .  

These missions explored t h e  h igh  energy phenomena observable  w i th  X-ray, gamma r a y ,  and cosmic 
Work i s  a l s o  underway on exp lo re r  spacec ra f t  t o  s tudy  u l t r a v i o l e t  and i n f r a r e d  astronomy and t h e  Sun- 

Orderly p rog re s s  i n  t h e  sys temat ic  e x p l o r a t i o n  of  t h e  s o l a r  system i s  proceeding. The o b j e c t i v e s  of t h i s  e f f o r t  a r e  
t o  understand t h e  o r i g i n  and evo lu t ion  of t h e  s o l a r  system and t o  b e t t e r  understand t h e  Earth through comparative 
s t u d i e s  w i th  o t h e r  p l ane t s .  Pioneer  Venus provided b a s i c  informat ion  about  t h e  massive cloud covered atmosphere of 
Venus. The Voyager I s p a c e c r a f t ,  a f t e r  providing a weal th  of new informat ion  about  J u p i t e r  and i t s  f o u r  l a r g e s t  moons, 
ha s  made s p e c t a c u l a r  con t r ibu t ions  t o  our  knowledge of Sa turn ,  i t s  r i n g s ,  and i t s  s a t e l l i t e s .  Voyager I1 w i l l  encounter  
Sa turn  i n  August 1981 and t h e n  cont inue  on t o  Uranus. The Voyager r e s u l t s  have added t o  our  confidence t h a t  t h e  G a l i l e o  
miss ion  t o  J u p i t e r  w i l l  a l s o  b e  a major mi les tone  i n  p l ane t a ry  exp lo ra t i on .  m j o r  e f f o r t  i n  FY 1982 w i l l  b e  continued 
development on t h e  Ga l i l eo  mission which w i l l  u se  a probe t o  m k e  d e t a i l e d  measurements of t h e  atmosphere of J u p i t e r  and 
a n  o r b i t e r  t o  conduct e x t e n s i v e  obse rva t ions  of t h e  p l ane t  and i t s  s a t e l l i t e s .  The FY 1982 budget  provides f o r  
i n i t i a t i o n  of development of t h e  Venus Orbi t ing  Imaging Radar mission t o  t a k e  a major s t e p  i n  acqu i r ing  s c i e n t i f i c  
knowledge of  t h e  p l ane t  Venus by  ob ta in ing  much more d e f i n i t i v e  da ta  through mapping t h e  s u r f a c e  of Venus t han  can b e  
der ived  from ea r th - based  observa t ions  and previous  space  missions.  The s c i e n t i f i c  in format ion  obta ined  w i l l  d i r e c t l y  
c o n t r i b u t e  t o  t h e  understanding of t h e  Earth’s evolu t ion .  
p a r t i c i p a t i o n  i n  a coopera t ive  i n t e r n a t i o n a l  program of obse rva t ion  of Halleys Comet during i t s  appearance i n  1986, and 
f o r  co- inves t iga t ion  support  on t h e  European Space Agency Gio t to  miss ion  t o  Halley’s C o m e t .  

The FY 1982 budget a l s o  p r w i d e s  f o r  United S t a t e s  
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SPACE AHD TKRRESTRIAL APPLICATIONS 

The o b j e c t i v e  of t h e  space  a p p l i c a t i o n s  program i s  t o  develop,  demonstrate ,  and t r a n s f e r  space technology,  systems and 
Space a p p l i c a t i o n s  r e s e a r c h  and development covers  t h e  a r e a s  r e l a t e d  c a p a b i l i t i e s  f o r  p r a c t i c a l  b e n e f i t s  h e r e  on Earth.  

of r e sou rce  obse rva t ions ,  enviromiienta 1 obse rva t ions ,  ma t e r i a  Is process ing ,  and communications. 
a c t i v i t i e s  a r e  designed t o  a c c e l e r a t e  and expand t h e  a v a i l a b i l i t y  and use  of technology developed i n  a l l  NASA programs 
i n t o  t h e  p r i v a t e  and pub l i c  s e c t o r s  of t h e  economy. 

Technology u t i l i z a t i o n  

In  r e sou rce  obse rva t ions ,  i d e n t i f i c a t i o n  and monitoring by  means of remote sensing from space  have demonstrated new 
c a p a b i l i t i e s  t o  provide data  u s e f u l  i n  such a r e a s  a s  a g r i c u l t u r a l  assessments ,  water  r e sou rces  management, c o a s t a l  zone 
monitoring,  improvement of maps, land  use  and s u r f a c e  mine monitoring,  f o r e s t r y  and range r e sou rces  i m e n t o r y ,  and 
minera l  and petroleum exp lo ra t i on .  
a r e a s .  The Landsat-D spacec ra f t  system i s  be ing  developed t o  extend and improve remote sensing c a p a b i l i t i e s .  The 
spacec ra f t  i s  designed t o  c a r r y  two major remote sens ing  ins t ruments ,  t h e  themat ic  mapper and t h e  f l igh t- proven  
m u l t i s p e c t r a l  scanner .  The themat ic  mapper, a second gene ra t ion ,  h igh  r e s o l u t i o n  instrument  f o r  remote sensing of Ear th  
r e sou rces  i s  w e l l  a long  i n  development. I f  t h i s  instrument  can b e  completed and v e r i f i e d  i n  t i m e  f o r  a 1982 launch,  i t  
w i l l  b e  flown on t h e  f i r s t  Jandsat-D type  toge the r  w i th  t h e  m u l t i s p e s t r a l  scanner .  I f  t h e  themat ic  mapper i s  not ready 
i n  t i m e ,  t h e  f i r s t  Landsat-D mission w i l l  b e  flown wi th  t h e  m u l t i s p e c t r a l  scanner  only ,  and t h e  t h e n u t i c  mapper w i l l  b e  
flown t o g e t h e r  wi th  t h e  m u l t i s p e c t r a l  scanner  on t h e  second mission. The Magnetic F i e l d  S a t e l l i t e  and t h e  Heat Capaci ty 
bkpping Mission have demonstrated t h e  a b i l i t y  t o  provide  v a l u a b l e  informat ion  f o r  geophys ica l  and geo log ic  s t u d i e s .  
Experiments designed t o  test t h e  a p p l i c a b i l i t y  of a c t i v e  microwave measurements, and of h igh  r e s o l u t i o n  imagery f o r  
mapping i n v e s t i g a t i o n s ,  a r e  planned f o r  f l i g h t  on e a r l y  S h u t t l e  missions.  J o i n t  a c t i v i t i e s  wi th  t h e  u s e r s  cont inue  t o  
demonstrate  s p e c i f i c  a p p l i c a t i o n s  of t h e  remote sens ing  data i n  a wide v a r i e t y  of a r e a s .  

Landsat-1, 2 ,  and  3 have been providing a wide v a r i e t y  of data  a p p l i c a b l e  i n  t h e s e  

The j o i n t  e f f o r t  i n  a g r i c u l t u r a l  r e sea rch  wi th  t h e  Department of Agr i cu l tu re ,  t h e  Department of Commerce, t h e  
Department of t h e  I n t e r i o r ,  and t h e  Agency f o r  I n t e r n a t i o n a l  Development w i l l  cont inue .  This  e f f o r t  emphasizes t h e  use  
of remotely sensed d a t a ,  t oge the r  w i th  o t h e r  da ta  sou rces ,  t o  improve our knowledge wi th  emphasis on improved 
a g r i c u l t u r a l  e a r l y  warning and crop commodity f o r e c a s t i n g .  

Space c a p a b i l i t i e s  a r e  a l s o  used i n  t h e  development of p r e c i s e  measurements of t h e  movements of t h e  Ear th ' s  c r u s t  and 
o t h e r  dynamic c h a r a c t e r i s t i c s  of t h e  Earth t o  support  r e sea rch  i n  earthquake mechanisms. A j o i n t  e f f o r t  wi th  t h e  United 
S t a t e s  Geologica l  Survey, Nat iona l  Science Foundation, Nat iona l  Geodetic Survey, t h e  Department of Defense, and wi th  
o t h e r  c o u n t r i e s ,  will monitor t h e  motion and i n t e r n a l  s t a b i l i t y  of s e v e r a l  major t e c t o n i c  p l a t e s  t o  determine t h e  
c r u s t a l  deformation i n  s e i smica l ly  a c t i v e  a r e a s .  

The FY 1982 budget a l s o  provides  f o r  continued system d e f i n i t i o n  a c t i v i t i e s  i n  support  of t h e  Nat iona l  Oceanic and 
Atmospheric Adminis t ra t ion  r e s p o n s i b i l i t i e s ,  f o r  development and implementation of a n  o p e r a t i o n a l  Earth resources  remote 
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sens ing  system, f o r  continued d e f i n i t i o n  and advanced t e c h n i c a l  development on a new s o l i d  s t a t e  instrument  t o  enhance 
t h e  c a p a b i l i t y  and r e l i a b i l i t y  f o r  f u t u r e  remote sens ing  of Earth r e sou rces  b y  s a t e l l i t e s ;  and f o r  a new t h r u s t  i n  
r e sea rch  and a n a l y s i s  a c t i v i t i e s  designed t o  i m p r w e  t h e  e f f e c t i v e n e s s  of g l o b a l  assessment ,  e x p l o r a t i o n  and development 
of c r i t i c a l  energy and mineral  resources .  

I n  t h e  a r e a  of environmental obse rva t ions ,  NASA i s  working wi th  t h e  Nat iona l  Oceanic and Atmospheric Adminis t ra t ion  
and o t h e r s  i n  improving t h e  understanding of atmosphere and ocean processes ,  providing space obse rva t ions  of parameters  
involved i n  t h e s e  processes  and  extending t h e  c a p a b i l i t i e s  t o  p r e d i c t  environmental  phenomena and t h e i r  i n t e r a c t i o n  wi th  
human a c t i v i t i e s .  
severe s torm re sea rch ,  climate r e sea rch ,  environmental  q u a l i t y  monitoring,  and  oceanic  processes  research .  This  
i n t e g r a t e d  approach encompasses t h e  d i v e r s e  f i e l d s  of meteorology, c l imato logy,  a tmospher ic  chemis t ry ,  a tmospher ic  
phys i c s ,  and  oceanography. 
f i e l d s  . 

Areas of r e sea rch  and development i nc lude  upper a tmospher ic  r e s e a r c h ,  g l o b a l  weather p r e d i c t i o n ,  

The program focuses  on t h e  s p e c i a l  c o n t r i b u t i o n s  space- derived data can  make i n  t h e s e  

NASA, i n  coopera t ion  wi th  o t h e r  Federa l  agenc i e s ,  i s  p a r t i c i p a t i n g  i n  a n a t i o n a l  program of c l ima te  research .  
Development w i l l  cont inue  on t h e  Earth Radia t ion  Budget Experiment. This sa te l l i t e  system is  designed t o  measure 
v a r i a t i o n s  i n  t h e  energy exchange between t h e  Earth 's  atmosphere and space  and o t h e r  a tmospher ic  f a c t o r s  important  t o  
c l i m t e  r e sea rch .  

I n  a d d i t i o n  t o  continuing t h e  b a s i c  program of upper atmospheric  r e sea rch ,  t h e  FY 1982 budget provides  f o r  miss ion  
d e f i n i t i o n  and experiment des ign  and development f o r  a n  upper atmospheric  r e sea rch  sa te l l i t e  mission t o  m k e  i n t e g r a t e d  
measurements of  energy i n p u t s ,  temperature,  chemical c o n s t i t u e n t s  and winds dur ing  t h e  next per iod  of low sunspot 
a c t i v i t y .  Work a l s o  w i l l  b e  i n  p rog re s s  on a tmospher ic  experiments t o  b e  conducted on Spacelab missions.  

A Nat ional  Oceanic S a t e l l i t e  System (NOSS) p r o j e c t  i s  be ing  i n i t i a t e d  i n  FY 1981, i n  coopera t ion  wi th  t h e  Nat iona l  
Oceanic and Atmospheric Adminis t ra t ion  and t h e  Department of Defense, t o  demonstrate  a n  ope ra t iona l .  c a p a b i l i t y  f o r  
a p p l i c a t i o n  of  remote sens ing  from space t o  oceanographic monitoring and r e s e a r c h  requirements .  
S a t e l l i t e  System w i l l  b e  configured a s  a t w o- s a t e l l i t e  system, launched and capable  of r e t r i e v a l  by  t h e  S h u t t l e ,  
i n t e g r a t e d  wi th  a s i n g l e  preprocess ing  and da t a  d i s t r i b u t i o n  c e n t e r  on t h e  ground. Work w i l l  b e g i n  i n  FY 1982 on 
r e sea rch  and on s c i e n t i f i c  ins t ruments  t o  f u l l y  e x p l o i t  t h e  c a p a b i l i t i e s  of t h e  NOSS by  u t i l i z i n g  t h e  reserved  c a p a c i t y  
of t h e  system f o r  oceanic  and atmospheric  r e sea rch .  

The Nat iona l  Oceanic 

M a t e r i a l s  p roces s ing  r e sea rch  and development a c t i v i t i e s  a r e  designed t o  e x p l o i t  t h e  unique c h a r a c t e r i s t i c s  of  t h e  
space environment t o  ach i eve  r e s u l t s  which a r e  not p o s s i b l e  o r  p r a c t i c a l  on Earth.  Experiments a r e  be ing  conducted i n  
l a b o r a t o r i e s  and  wi th  sounding r o c k e t s  t o  b u i l d  on t h e  r e s u l t s  of tests conducted on previous  space f l i g h t s  and t o  
p repa re  f o r  experiments  t o  b e  conducted on f u t u r e  Spacelab missions.  The FY 1982 program provides  f o r  continued 
development of  equipment and r e l a t e d  a c t i v i t i e s  f o r  experiments  t o  b e  conducted on e a r l y  Spacelab miss ions  and f o r  
enhancement of r e sea rch  a c t i v i t i e s .  
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Communications r e sea rch  and development e f f o r t s  concen t r a t e  on advanced technology f o r  communications s a t e l l i t e  
systems wi th  s i g n i f i c a n t l y  imprwed c a p a b i l i t i e s  and on providing t e c h n i c a l  support  and c o n s u l t a t i o n  t o  o t h e r  gwernment  
agencies .  Development i s  proceeding on t h e  s ea rch  and r e scue  l o c a t o r  system, a coope ra t ive  v e n t u r e  wi th  o t h e r  United 
S t a t e s  a g e n c i e s ,  Canada, and France, t o  demonstrate  improved c a p a b i l i t i e s  f o r  d e t e c t i n g  and l o c a t i n g  d i s t r e s s  s i g n a l s  
from a i r c r a f t  and marine vessels. The FY 1982 program a l s o  provides  con t inua t ion  of advanced communications r e s e a r c h  
a c t i v i t i e s ,  and d e f i n i t i o n  s t u d i e s  and advanced technology development on a n  experimental  wideband communications 
s a t e l l i t e  t o  o p e r a t e  t h e  r e c e n t l y  a l l o c a t e d  30120 GHz spectrum bands. 

Technology u t i l i z a t i o n  a c t i v i t i e s  a r e  designed t o  a c c e l e r a t e  t h e  t r a n s f e r  of new knowledge and innova t ive  technology 
genera ted  by  NASA and NASA c o n t r a c t o r s  t o  t h e  nonaerospace i n d u s t r y ,  a s  w e l l  a s  t o  S t a t e  and l o c a l  governments. 
FY 1982, NASA w i l l  cont inue  i t s  e f f o r t s  t o  a s s u r e  e f f e c t i v e  and widespread d isseminat ion  of new technology through a 
v a r i e t y  of e s t a b l i s h e d  mechanisms inc lud ing  p u b l i c a t i o n s ,  i n d u s t r i a l  a p p l i c a t i o n s  c e n t e r s ,  a computer sof tware  manage- 
ment and informat ion  c e n t e r ,  S t a t e  technology a p p l i c a t i o n s  c e n t e r s ,  s p e c i a l  a p p l i c a t i o n  teams, and a p p l i c a t i o n s  
engineer ing  p r o j e c t s .  

During 

AERONAUTICS RESEABCE AND TECENOLOGY 

The o b j e c t i v e  of t h e  a e r o n a u t i c s  program i s  t o  p r w i d e  t h e  technology b a s e  e s s e n t i a l  f o r  continued United S t a t e s  
l e a d e r s h i p  i n  a e r o n a u t i c s .  This  technology b a s e  i s  needed f o r  t h e  development of f u t u r e  a i r c r a f t  wi th  imprwed 
performance, f u e l  e f f i c i e n c y ,  s a f e t y ,  and  environmental  a c c e p t a b i l i t y .  The technology b a s e  a l s o  u n d e r l i e s  t h e  s t rong  
compet i t ive  p o s i t i o n  of t h e  United S t a t e s  i n  t h e  world a v i a t i o n  marketplace and t h e  continued s u p e r i o r i t y  of t h e  
Nation's m i l i t a r y  a i r c r a f t .  The recommended program f o r  FY 1982 i n c l u d e s  a s t r o n g  r e sea rch  and technology b a s e  e f f o r t ;  
con t inua t ion  of ongoing systems technology a c t i v i t i e s ,  ex t ens ion  of e f f o r t s  r e l a t i n g  t o  improved f u e l  e f f i c i e n t  long-  
range t r a n s p o r t s ,  advanced r o t o r c r a f t ,  g e n e r a l  a v i a t i o n  s a f e t y ,  and a s i g n i f i c a n t  i n i t i a t i v e  i n  development of a new 
numerical  computat ional  c a p a b i l i t y  f o r  f l u i d  dynamics. 

The FY 1982 budget i nc ludes  t h e  necessary  a c t i v i t i e s  t o  provide  a s t rong  r e sea rch  and .technology base .  These 
a c t i v i t i e s  p l a c e  emphasis on t h e  technology d i s c i p l i n e s  of aerodynamics, p ropuls ion ,  a v i o n i c s  and f l i g h t  c o n t r o l s ,  
humanlrehicle  i n t e r a c t i o n ,  m a t e r i a l s  and s t r u c t u r e s ;  and on t h e  conduct of focused technology a c t i v i t i e s  r e l evan t  t o  t h e  
major classes of a e r o n a u t i c a l  v e h i c l e s  such a s  convent iona l  take- off and landing  a i r c r a f t ,  r o t o r c r a f t  and h igh  
performance a i r c r a f t .  

The FY 1982 budget provides  f o r  i n i t i a t i o n  of development of t h e  Numerical Aerodynamic S imula tor ,  a major new and 
unique c a p a b i l i t y  i n  t h e  f i e l d  of compuational f l u i d  dynamics. Development of t h i s  n a t i o n a l  r e sou rce  w i l l  promote 
United S t a t e s  l e a d e r s h i p  i n  l a rge- sca l e  computer technology,  provide  a quantum improvement i n  a n a l y t i c a l  c a p a b i l i t y  f o r  
advancing a e r o n a u t i c a l  s c i e n c e s ,  and have a major impact on development of advanced a i r c r a f t .  
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Progress  w i l l  cont inue  i n  t h e  a i r c r a f t  energy e f f i c i e n c y  systems technology t h a t  can l e a d  t o  a major r educ t ion  i n  f u e l  
requirements  f o r  t r a n s p o r t  a i r c r a f t .  
follow-on program phases i n  composite a i r c r a f t  s t r u c t u r e s  t o  develop t h e  technology r equ i r ed  t o  v a l i d a t e  t h e  s t r u c t u r a l  
d u r a b i l i t y  of IM j o r  c r i t i c a l  t r a n s p o r t  wing and fu se l age  subcomponents. 

I n  a d d i t i o n  t o  e f f o r t s  now i n  progress ,  t h e  recommended FY 1982 program i n c l u d e s  

The budget a l s o  p r w i d e s  f o r  cont inuing  focused systems technology e f f o r t s  t o  develop v e r i f i e d  des ign  methods, d e s i g n  
c r i t e r i a  and systems concepts  f o r  f u t u r e  q u i e t  , e f f i c i e n t  , and a l l  weather r o t o r c r a f t .  

C r i t i c a l  r e sou rces  technology e f f o r t  w i l l  b e  undertaken t o  he lp  reduce t h e  dependence of United S t a t e s  a v i a t i o n  on 
f o r e i g n  s u p p l i e r s  by  i d e n t i f y i n g  new h igh  tempera ture  a l l o y s  w i th  p o t e n t i a l  t o  reduce t h e  u se  of m a t e r i a l s ,  such a s  
c o b a l t ,  columbium, chromium, and tantalum which a r e  used i n  hot  s e c t i o n  components of g a s  t u r b i n e  engines ,  and by 
i n v e s t i g a t i n g  t h e  e f f e c t s  of t h e  u se  of lower g rades  of f u e l ,  inc luding  shale o i l  and c o a l  sou rces ,  f o r  a i r c r a f t  
p ro  pul  s i  on. 

Other  examples of focused technology e f f o r t s  i n c l u d e  co re  des ign  and h ighe r  tempera ture  technology a p p l i c a b l e  t o  
v a r i a b l e  c y c l e  propuls ion  systems,  technology f o r  i nc reas ing  t h e  e f f i c i e n c y ,  and reducing t h e  no i se  and weight of 
p r o p e l l e r s  f o r  g e n e r a l  a v i a t i o n  a i r c r a f t  , and h igh  performance f l i g h t  experiments  conducted i n  coopera t ion  wi th  t h e  
Department of Defense t o  i n v e s t i g a t e  advanced aerodynamic, s t r u c t u r a l ,  and propuls ion  concepts  a p p l i c a b l e  t o  f u t u r e  
m i l i t a r y  a i r c r a f t .  

SPACE RESEARCH AND TECHNOLOGY 

The o b j e c t i v e s  of t h e  space r e sea rch  and technology program a r e  t o  p r w i d e  a technology b a s e  which w i l l  adequate ly  
support  c u r r e n t  and f u t u r e  space a c t i v i t i e s  and t o  implement approaches f o r  f u r t h e r  reducing t h e  c o s t s  of f u t u r e  space  
a c t i v i t i e s  through imprwement of  components. 
d i s c i p l i n a r y  r e sea rch  and technology. 
term a s p e c t s  of  space technology which a r e  c r i t i c a l  t o  f u t u r e  United S t a t e s  l e a d e r s h i p  i n  space. 
technology b a s e  a c t i v i t i e s  i nc lude  t h e  fol lowing rn j o r  a r e a s :  

The FY 1982 budget a p p l i e s  i nc reased  r e sou rces  t o  fundamental 
This  i n c r e a s e  i s  a much needed s t e p  toward r e e s t a b l i s h i n g  emphasis on t h e  l onge r  

Research and 

Aerothermodynamics involv ing  re- ent ry  hea t ing  and c o n t r o l  wi th  emphasis on advanced technology f o r  aerobraking  and 
a e r o c a p t u r e  and on aerodynamics of advanced t r a n s p o r t a t i o n  systems. 

Chemical propuls ion  c w e r i n g  advanced o r b i t a l  t r a n s f e r  v e h i c l e  propuls ion ,  p l ane t a ry  r e t rop ropu l s ion ,  and low- 
t h r u s t  propuls ion ,  p r w i d i n g  a n  inc reased  emphasis on oxygen-hydrogen Earth- to- orbi t  p ropuls ion .  

0 W t e r i a l s  and s t r u c t u r e s  w i th  i n c r e a s i n g  emphasis on technology f o r  assembly,  cons t ruc t ion ,  and deployment of 
s t r u c t u r e s  i n  space. 
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0 E l e c t r o n i c s  and automat ion inc lud ing  inc reased  emphasis on autonomy i n  launch,  t e s t ,  and checkout;  command and 
c o n t r o l ;  s p a c e c r a f t  self-management t e l e o p e r a t o r  technology; smrt s e n s o r s ;  and c o n t r o l  of a t t i t u d e  and shape of 
l a r g e  s t r u c t u r e s  . 
Power and e l e c t r i c  p ropu l s ion  inc lud ing  h igh  q u a l i t y  space power systems, t h e r n n l- t o- e l e c t r i c  power conversion,  and 
advanced power and e l e c t r i c  p ropu l s ion  concepts .  

Informat ion systems emphasizing technology f o r  advanced sensor  systems and data  management, a n a l y s i s ,  and 
d i s t r i b u t i o n .  

0 Spacecra f t  systems wi th  emphasis on l a r g e  space systems and f u t u r e  s p a c e c r a f t  concepts  inc lud ing  thermal  management 
and contaminat ion c o n t r o l  technology. 

Transpor ta t ion  systems a c t i v i t i e s  de f in ing  new concepts  f o r  advanced t r a n s p o r t a t i o n  systems a s  w e l l  a s  conducting 
f l i g h t  experiments us ing t h e  Space S h u t t l e .  

Systems technology a c t i v i t i e s  invo lve  shor ter- term technology a c t i v i t i e s  inc lud ing  antenna experiments and o t h e r  
technology r e l e v a n t  t o  a 30120 GHz communication s a t e l l i t e ,  s o l a r  c e l l  and a r r a y  experiments,  and o t h e r  experiments t o  
b e  conducted on Spacelab miss ions .  

ENERGY TECHNOLUGY 

Energy technology e f f o r t s  i n  NASA a r e  p r i m a r i l y  d i r e c t e d  toward i d e n t i f y i n g  t h e  technology developed i n  t h e  
a e r o n a u t i c s  and space program which has p o t e n t i a l  f o r  nnking major c o n t r i b u t i o n s  t o  t h e  s o l u t i o n  of energy problems on 
Earth.  NASA p r w i d e s  t e c h n i c a l  suppor t  t o  t h e  programs undertaken by  o t h e r  a g e n c i e s  t o  develop s p e c i f i c  a p p l i c a t i o n s  
such a s  s o l a r  cells ,  s o l a r  hea t ing  and coo l ing ,  and e l e c t r i c  power g e n e r a t i o n  b y  wind power. NASA a l s o  nnkes i t s  
c a p a b i l i t i e s  and f a c i l i t i e s  a v a i l a b l e  t o  t h e  Department of  Energy and o t h e r  a g e n c i e s  t o  accomplish energy technology 
a c t i v i t i e s  on a re imbursable  b a s i s .  

TRACKING AND DATA ACQUISITION 

This program p r w i d e s  t h e  v i t a l  t r a c k i n g  and da ta  suppor t  r equ i red  by a l l  NASA f l i g h t  p r o j e c t s  i n  accomplishing t h e i r  
miss ion o b j e c t i v e s .  This  support  i s  pruvided by  a worldwide network of NASA e l e c t r o n i c  ground s t a t i o n s  and 
t r a n s p o r t a b l e  l a s e r  t r a c k i n g  f a c i l i t i e s  in te rconnec ted  b y  a communications system using ground, undersea,  and sa te l l i t e  
c i r c u i t s .  Computation f a c i l i t i e s  a l s o  a r e  p r w i d e d  t o  process  i n t o  usab le  form t h e  l a r g e  amounts of s c i e n t i f i c ,  
a p p l i c a t i o n s ,  and  engineer ing da ta  which a r e  c o l l e c t e d  from f l i g h t  p r o j e c t s .  I n  a d d i t i o n ,  ins t rumenta t ion  f a c i l i t i e s  
a r e  p r w i d e d  f o r  suppor t  of sounding rocket  launchings  and f l i g h t  t e s t i n g  of a e r o n a u t i c a l  r e s e a r c h  a i r c r a f t .  
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I n  FY 1982, o p e r a t i o n s  funding w i l l  p r w i d e  support  t o  some f i f t y  i n d i v i d u a l  spacec ra f t  miss ions  and t o  Space S h u t t l e  
o r b i t a l  f l i g h t  tests. Systems funding w i l l  s u s t a i n  t h e  e x i s t i n g  f a c i l i t i e s  and systems a t  t h e  lowest levels c o n s i s t e n t  
w i th  t h e  suppor t  of  t h e  ongoing miss ions  and p r w i d e  t h e  necessary  mod i f i ca t i ons  t o  meet t h e  requirements  of approved 
f u t u r e  f l i g h t  miss ions  inc luding  t h o s e  of t h e  o p e r a t i o n a l  space t r a n s p o r t a t i o n  system. The FY 1982 budget a l s o  p r w i d e s  
e f f o r t  on the planned conso l ida t ion  of t h e  s p a c e f l i g h t  t r ack ing  and data network and deep space network i n t o  a s i n g l e  
network. 

A major a s p e c t  of t h e  t r ack ing  and da ta  a c q u i s i t i o n  program i n  f u t u r e  y e a r s  w i l l  b e  t h e  Tracking and Data Relay 
S a t e l l i t e  System (TDRSS), which w i l l  support  e s s e n t i a l l y  a l l  Earth o r b i t a l  s p a c e c r a f t  miss ions  and w i l l  g r e a t l y  i m p r w e  
NASA’s Ear th  o r b i t a l  t r ack ing  and da t a  a c q u i s i t i o n  c a p a b i l i t i e s .  
arrangement under which t h e  c o n t r a c t o r  w i l l  e s t a b l i s h  t h e  system and p r w i d e  NASA wi th  TDRSS s e r v i c e s  beginning i n  FY 

NASA w i l l  a c q u i r e  t h i s  c a p a b i l i t y  through a n  

1983 
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NATIONAL AERONAUTICS AND SPACE ADMINI STRATION 

PROPOSED APPROPRIATION LANGUAGE 

Fedeml Fanda 
Genead and rpeclal fundr: 

b C A R C H  AND DEVELOPMZNT 

For necemmy expenses, not otherwise provided for, including re- 
search. development, operations. services, minor construction main* 
nance, repair, rehabilitation and modification of real and personal 
property; tmcking and data relay satellite services aa authorized by 
law purchase, him, maintenance, and operation of other than admin- 
iatrative aircmft, necesamy for the conduct and support of aeronauti- 
cal and apece rwearch and development activities of the National 
Aemnautica and Space Administration[; and including not to exceed 
(1) $29,000,000 for Space Transportation Systems Upper Stages, (2) 
$30,900,000 for Space 'Tramportation System Operatiom-Upper 
stagq (5) $119,300.000 for the Space Telescope, (4) S39,soO,000 for the 
Internatid Solar Polar Mimion, (5) $19.100,000 for the Gammn Ray 
Oboemtory, (6) $63,100,000 for Project Galileo. CI) Saa,500,000 for 
Landsat D, (8) $1,873,000,000 for the Space Shuffle, and (9) 
$149,700.000 Tor Spcrclab, without.the approval of the Cornmittas 011 
Appmpriatiom, $4,396300,000,] $S~,,soOtUW, to remnin available 

of Hwring and Uhan Ikwlopmcnt-lndcpndmt Agrncia Apvpri- 
ation Act, 1981; additional autho&in# Icgislation to be pmpoaaU 

until Sepbmbm 80. I198Zl 1988. (49 USC 2451, et 8q.;  -t 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 
Pmenm and Financing (in thousands of ddlan) 

1980 lmpl 19111 at. 1982 at. 1980 lmpl 1981 at. 19112 at 
~~~ 

Frogran by Ktivithr 
Direet program: 

1. Spsee transportation systems: 
(a) $ace shuttle .................... 
(b) Spsce Hight m a t  hi..... 

2. Scientifi i m t i g a t i w  in spaa: 
(e) Expendable launch wh& ddcfment .................. 

3. $ace and terrestrial appllcatm 
(a) Space applutions .................................................. 
( b )  Technokgy utilization . ................ 

4. $ace research and techndogy ...................................... 
5. AemMuticsl rsearch and 
6. h g y  techwbgy ........................... 
7. supportine activitv: 

(a) Tracking and data reputsnm .I .............................. 
Total dnct program .......... I ...................................... 

Rehbmbk paem 
1. SPaQ transportation syttans: 

2. sdatifc bmstigati i  in rpra: 

(a) $ace shuttle .. ................................................ 
(b) Space flight o p e n t i  .. ................................. 
(a) Physics and astmwmy ............................. 
(b) Plantay exphation ...................................... 
(c) We sienm ...................................................... 

3. $ace and tmestrial applieat#ns: 
(a) Space applitions .................................................. 
(b) lechmkgv utilization ....................... 

4. Spsa research and technology ...................................... 
5. kwauticll research and tedwkgy ............................ 
6. bergy technology ........................................................... 

( I )  Tracking and 61( ................................. 
Total nimbunr#c pmom ................................. 
Total pugram eosts, funded ................................. 

Uunp h seWd mwrcw (unddid ordn and 
$tams) " .......................................... "........e.................... 

10.00 TOU ........................................ .... ................................. 

7 . m g l e t i v i t y :  

2,015,500 
569,800 
49.150 

334,000 
194,500 
44,000 

368.450 

137 1,000 
446,600 
21.100 

349,100 
219,900 
43,800 

365.620 

1,943.000 
683,700 
38,500 

1,802,740 
426.377 
36.362 

338,063 
193,343 
41,547 

335,864 
10,499 

111,350 
262,895 

4,889 

314.592 

2,100,600 
978,400 
32.300 

4J6.800 
257,000 
38,500 

429.150 

2,230,000 
1,043,000 

22,900 

456,400 
256,100 
49,200 

476,200 
14,600 

141,000 
323,EM 

4,400 

435,200 

5,452,600 

350.200 
175,600 
42,188 

363.950 
11 I980 

115,586 
308.300 

111800 
110,700 
276.150 

..~, 

13,100 
110.800 

1 i s 0 0  
125.900 

272,000 
2,900 

323,800 
4,293,000 

291,650 
4,200 

417,100 

5,103,400 

3;OOO 

332.100 

4.088.086 

3;900 

341.100 

4,340.788 3,878.521 

75.162 
53,834 

82,230 
59,604 

1,387 
88 

149 

27,825 
83,744 

868 
5 

246 

100.420 
136,560 

1,750 
100 
200 

75,730 
64,150 

1.500 
80 

170 

97,000 
143,000 

1,700 
100 
200 

431,000 
12.000 

400 
17,600 

338,000 

9,000 

1.050.000 

1,235 
78 

133 

270,217 
14.607 
1,325 

22.060 
210,765 

291,422 
10,762 

415 

156.270 
13,497 

1,561 
17,108 

165.642 

282,030 
16.260 
1.070 

20,770 
221,020 

432,560 
12,530 

430 
18,710 

337.400 
17,583 

218,600 

7,760 

690.000 

7,220 9,340 7,205 

656.621 

5,751 

472.517 1.050.OW 690,000 

4,983,000 

631.991 
5,617,991 

4,744,701 5,030,788 6,502600 4,351,038 

140,292 

4,491,330 

6.153.400 

349.200 

6,502,600 

............................ 
4,744,707 

............................ 
5,030,788 

............................ 
6,502600 

SUM 13 
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Code 
253 
- 

253 
253 

254 
254 
254 

254 
254 

40 2 
254  
254 

2 5 5  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1982 ESTIMATES 

BUDGET PLAN SUMMARY 

FY 1980 EY 1981 FY 1982 
(Thousands of Dol la rs )  

SPACE TRANSPORTATION 
Space Shuttle......................... ...................... 
Space f l i g h t  operations..................................... 
Expendable launch vehicles.......,.......................... 

SPACE SCIENCE 
Phys ics  and astronomy....................................... 
P l a n e t a r y  exploration....................................... 
L i f e  sciences............................................... 

SPACE AND TERRESTRIAL APPLICATIONS 
Space a p p l i c a t i o n s  .......................................... 
Technology utilization...................................... 

AERONAUTICS AND SPACE TECHNOLOGY 
Aeronaut ica l  r e s e a r c h  and technology.................. ...... 
Energy technology............. .............................. Space r e s e a r c h  and technology............................... 

TRACKING AND DATA ACQUISITION 

Total..................................................... 

2,385,000 2,681,100 3 3 0 4 , 2 0 0  
1,871,000 1,943,000 2,230,000 

446,600 683,700 1,043,000 
67,400 54,400 31,200 

600,500 562,488 756,700 
336,800 344,700 451,400 
219,900 175,600 256,100 

43,800 42,188 49,200 

343,600 365,350 487,500 
331,620 353,550 472,900 

11,980 11,800 14,600 

426,886 390,750 469,000 
308,300 276,150 323,600 
115,586 110,700 141,000 

3,000 3,900 4,400 

332,100 341,100 435,200 

4,088,086 4,340,788 5,452,600 

SUM 15 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1982 ESTIMATES 

SUMMARY OF BUDGET PLAN BY SUBFUNCTION 

FY 1980 FY 1981 FY 1982 
(Thousands of Do l l a r s )  

253 

254 

Space F l ight . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Space Science,  App l i ca t i ons  and Technology.. . . . . . . . . . . . . . . . . . 

2,385,000 

1,062,686 

2,681,100 3,304,200 

1,042,438 1,389,600 

255 Support ing Space Activities.................................. 332,100 341,100 435,200 

(250) Sub to t a l ,  General Science, Space and Technology.. . . . . . . . . . . 3,779,786 4,064,638 5,129,000 

40 2 A i r  Transportation........................................... 308,300 276,150 323,600 

Total.................................................... 4,088,086 4.340.788 5,452,600 

SUM 16 



PROGRAM 

OFFICE OF SPACE TPANSFQRTATION 
sYsTms. TOTAL ................ 1980 

1981 

Spice Shuttle ................. 1980 
1981 
1982 

Space flight operationm. ...... 1980 
1981 
1982 

Expendable launch vehicles.... 1980 
1981 
1982 

OFFICE OF SPACE SCIENCE, 
TOTAt . . . .  ..................... 1980 

1981 
1982 

Phyaicm and astronomy ........... 1980 
1981 
1982 

- 

Planetary .xpror.tion ........... 1980 
1981 
1982 

Life aci.nncei ................... 1980 
1981 
1982 

OFFICE Or SPACE AND TERRES- 
TRIAL APPLICATIONS. TOTAL.. ... 1980 

lPlll 

Space .ppliE.tiOZI, .............. 1980 
1981 
1982 

Technology utilizetion .......... 1980 
1981 

OFTICE OF r n 0 N A U T I C S  AND 
SPACE TECHNOLOGY. TOTAL ....... 1980 

1 9 ~ 1  

Aeronautical resaarch m d  
teEh~logg .................... 1980 

1981 
1982 

Space ramarch and 
tochnalo gg .................... I980 

1981 
1982 

Energy technola gg ............... 1980 
19a1 

OFFICE OF SPACE TRACKING 
AND DATA SYSTWS .............. 1980 

1981 
1982 

TOTAL BUDCET PLAN. .............. 1980 
19ni 

TOTAL 

2,385,000 
2,681,100 
2304.200 

1,871,000 

2,230,000 

446.600 
683,700 

1,043,000 

67,400 
54,400 
31.200 

1,943,000 

600,500 
562.488 

336,800 
344,700 
451.400 

219.900 
175.600 
256,100 

43,800 
42,188 
49.200 

343.600 
365,350 
487.500 

331.620 
353.550 
472,900 

11,980 

14.600 
11.800 

426.886 
390.750 
469.000 

308.300 
276,150 
323,600 

115. 586 
110.700 
141,000 

3,000 
3,900 
4.400 

332.100 
341,100 
435.200 

4.088.086 
6,340,188 
5.452 .LOO 

NATIONAL AERONAUTICS AND SPACE ALMINISTRATION 

FISCAL YEAR 1982 ESTIXAl'ES 

(Thowands of Dollera) 

Dryden 
~~ 

National 
Johnson Kennedy Marshall Space Goddard Jet Yallopa h s  Flight Langley Leuis 

Center Center C e n t e r  Laboratories Center Laboratorv C e n t e r  Center Canter Center Center Headauartcr 
Space Space Space Flight Technology Space Flight Propulsion F l i g h t  Research R e s e a r c h  Research Research NASA 

__-  85 900 5.595 17,000 18,343 _ _ _  1.300 1,700 5.500 23.800 _ _ _  _ _ _  --- 1.600 900 --- 33f.100 

43,693 395 --- --- 1.327.126 296,333 669.480 6.050 
1,429.700 343,300 819.600 5,000 51,200 
1.505.700 370.700 1.052.900 5,300 32,000 

250 __-  1.183.665 205.032 468,668 
1,254,900 239.300 432.400 
1,268,400 256.800 389,800 _-- 
143,461 86.601 200.812 5,800 
174,800 102,400 387,200 5.000 
237,300 112,200 663,100 5.300 

_-- 83.952 192,623 5.816 70.814 108 722 --- 64,345 
--- 87.478 154.015 7.613 54,979 555 37 --- 69,921 _-_ 160,039 230.348 9,372 57.768 615 13 --- 88.477 

24.184 3.628 154.308 
23.745 5,679 158,466 
28.959 5.037 176.072 

__- 79,637 51.027 5.816 14.673 --- 675 --- 27.844 --- 27.145 __- 13 --- 37,978 
37 _ _ _  _ _ _  83,687 48,616 7,613 12.714 --- 155,454 55,701 9.372 8,913 

146 2.796 154,186 
1.680 4,877 158.331 
4.594 3.503 175.872 

_-- __ -  7.495 -_-  122 

8,984 --- 200 _ _ _  8,259 --- 135 
4,290 139.321 
3.756 104.276 
4,546 173.402 

--- 40.049 --- 26.894 _ _ _  30.279 

28,616 
32,280 
38.689 

__-  7.885 

--- --- 11.810 
__-  10.496 

40 _-- --- 16,092 108 __-  15.371 555 
_ _ _  _ _ _  25 2,275 _-- 35 1,123 

16.543 832 

15.381 1.534 --- --- 39 1.245 --- 18.576 615 
13,806 802 _-- 

25.626 587 28,852 3,330 182,547 27,260 4,490 17.429 55 17.078 12,707 23,639 
38.603 210 21,920 3,210 196.260 24,330 4,310 18.837 37 13,410 19,964 24.259 
44.925 320 30.160 2.925 279.415 42.240 6.415 13.785 50 19.215 19.330 28.720 

--- 16,378 11,897 18,105 -__ 12,410 19,464 18.516 
25,616 508 28.460 3,190 181.788 24.999 4,119 16,560 
38,503 110 21,420 3,060 195.310 22.630 4,190 17.937 
44.775 170 29,620 2,750 278,135 40,250 6.040 12,535 --- 18.325 18,580 21,720 

10 79 392 140 759 2.261 371 869 55 700 810 5.534 
100 100 500 150 950 1.700 120 900 37 1,000 500 5.743 
150 150 540 175 1.280 1.990 375 1.250 50 890 750 7.000 

11,032 20 10.640 -_- 9.436 24.777 625 59,558 12.834 147,507 140.967 9,490 
8.825 80 9.005 50 9.000 22.015 600 64.100 13,400 130,100 126.300 7.275 
10.425 120 13.950 100 12.400 27.680 800 103.000 17.500 147.200 127.WO 8.825 

_ _ _  _ _ _  745 --- 725 
200 --- 700 
100 --- 800 __-  

--- 780 625 50.590 12,834 120.096 117,756 4.149 _ _ _  800 600 54.300 13,300 101,400 100.600 4.250 _ _ _  1,000 800 91.000 17,400 111,000 97,000 4,500 

_-- 9,436 23.071 --- 8.968 --- 27.411 22,228 5,265 

_-_ 12.000 100 36,200 29.700 3,900 
__-  9,000 19.700 __-  12,400 24,900 

--- 9.800 loa 28,700 25.m 3.000 
10.287 --- 8,920 
8,400 --- 7,000 
10.100 --- 11,700 

__- 231.460 70,375 6,580 --- 3,050 --- _-- 20.080 _-- 237,300 75,600 5.950 --- 3,050 --- --- 19.000 --- 22.900 _-- 294.300 103.000 11.300 -_-  3.500 --- 
__- _-- 555 --- __ -  200 _ _ _  __-  200 

1,387,968 300,568 863,835 9.380 551,088 315.430 17.511 147.886 16.947 170,902 170,674 135,897 
1,500.873 349,269 1,009,191 8,260 581,238 275.960 18,473 137.916 18.342 115,247 151,764 144.255 
1.590.009 376.177 1.273.282 8.325 778.154 403.268 27,887 114.553 23.265 167.328 146.330 484.022 

SLM 17 
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Programs 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1982 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR SPACE TRANSPORTATION SYSTEMS 

Budget P lan  

1980 
Actual  - 

1981 1982 
Budget Current  Budget 

E s t  imat e Es t ima te  E s t imat e 
(Thousands of D o l l a r s )  

Space Shuttle....................................... 1,871,000 1,886,000 1,943,000 2,230,000 

Space f l i g h t  operations............................. 446,600 446,600 683,700 1,043,000 

Expendable l aunch  vehicles... . . . . . . . . . . . . . . . . . . . . . . .  67,400 70,700 54,400 31,200 

Total............................................. 2,385,000 2,403,300 2,681,100 3,304,200 

ST 1 





RESEARCE AND DEVELOPMENT 

FISCBL YJ3AR 1982 ESTIMATES 

BUDGET SlJMMARY 

OFFICE OF SPACE l"P0RTATIOI SYSTEMS 

SUMMARY OF RESOURCES REQUIREMENTS 

Design. Development. T e s t  Evalua t ion  ................. 
O r b i t e r  ............................................ 
% i n  engine  ........................................ 
Exte rna l  t a n k  ...................................... 
Sol id  rocket  b o o s t e r  ............................... 
l aunch  and  landing  ................................. 

Changes/Systems Upgrading ............................ 
Product ion  ........................................... 

O r b i t e r  ............................................ 
Main engine  ........................................ 
Launch and landing  ................................. 
Spares  and  equipment ............................... 

T o t a l  ............................................ 

1980 
Actual  

1.115. 500 

641. 900 
140. 606 

79. 400 
65. 200 

188. 400 

... 

755. 500 

572. 600 
123. 600 
16. 400 
42. 900 

1. 87 1. 000 

Budget Current 
E s t  imi t e E s t i m a t e  
(Thousands of D o l l a r s )  

683. 000 958. 000 

320. 900 52 1 . 000 
145. 700 13 4. 000 

48. 000 54. 500 
14. 000 44. 500 

154. 400 2 04. 000 

150. 000 ... 

985. 000 1 . 040. 000 

768. 2 00 
12 1. 500 

72 7. 500 
12 1. 500 

40. 400 34. 000 
109. 900 102. 000 

1.873. 000 1 . 943. 000 

SPACE SHUTTLE PROGRAM 

1982 
Budget Page 

E s t i m a t e  . NO 

740. 000 

3 72. 000 RD 1-7 
12 7. 000 RD 1-10 

25. 000 RD 1-12 
17. 000 RD 1-14 

199. 000 RD 1-15 

300. 000 RD 1-18 

1.190. 000 

873 . 000 RD 1-20 
RD 1-22 

57. 000 RD 1-23 
155. 000 RD 1-25 

105. 000 

2. 23 0. 000 

RD 1-1 



1980 
Actual 

Distribution of Program Amount by Ins ta l la t ion:  

Johnson Space C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,183,665 
Kennedy Space C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 05 , 03 2 
Marshall Space Flight Center.. ..................... 468,668 
Na tiona 1 Spa ce  Technology Laboratories ............. 250 ...................... Goddard Space Flight Center.. 50 
Jet Propulsion L a b o r a t o r y . . . . . . . . . . . . . . . . . . . . . . . . . .  3 40 
Ames Research C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
Dryden Flight Research C e n t e r . . . . . . . . . . . . . . . . . . . . . .  900 
Langley Research Center. ........................... 495 
Headquarters....................................... 11,515 

Total............................................ 

1981 
Budget Current 

Estimate E s t i m t e  
(Thousands of Dollars)  

1,104,200 
196,900 
408,300 

5 , 500 --- 

1 , 873 , 000 

1,254,900 
23 9,300 
432 , 400 --- 

--- 
1,300 

800 
14,300 

1,943,000 

1982 
Budget 

Estimate 

1 , 268,400 
256 , 800 
389,800 --- 

1 , 600 
100 

3 13.3 00* 

*Includes changes/systems upgrading estimates 

RD 1- 2  



BESEAECEI AND DEVELOPMENT 

FISCAL YEAR 1982 ESTIMATES 

OFFICE OF SPACE TRAHSPORTATION SYSTEEIS SPACE SHUTTLE PROGRAM 

PROGRAM OBJECTIVES ARD JUSTIFICATION: 

The Space S h u t t l e  i s  t h e  key element of a versa t i le ,  economical space  t r a n s p o r t a t i o n  system t h a t  w i l l  p rov ide  a wide 
v a r i e t y  of n a t i o n a l  and i n t e r n a t i o n a l  u s e r s  w i t h  round t r i p  a c c e s s  t o  space  beginning i n  t h e  1980's .  The Space S h u t t l e  
w i l l  b e  t h e  f i r s t  r e u s a b l e  space  v e h i c l e ,  and w i l l  b e  conf igured t o  c a r r y  many d i f f e r e n t  t y p e s  of payloads  t o  and from 
low Ear th  o r b i t .  Its development w i l l  p r w i d e  mul t ipurpose ,  economical space  o p e r a t i o n s  f o r  Ear th  a p p l i c a t i o n s ,  
s c i e n t i f i c ,  de fense ,  and t e c h n o l o g i c a l  payloads .  The Space S h u t t l e  i s ,  however, much more t h a n  j u s t  a t r a n s p o r t a t i o n  
v e h i c l e .  
retrieve payloads  from o r b i t  f o r  r e u s e ;  t o  service and r e p a i r  s a t e l l i t e s  i n  space ;  t o  t r a n s p o r t  t o  o r b i t ,  o p e r a t e ,  and 
r e t u r n  space l a b o r a t o r i e s ;  t o  t r a n s p o r t  m a t e r i a l s  and equipments t o  o r b i t ;  and t o  perform r e s c u e  miss ions .  
c a p a b i l i t i e s  w i l l  g r e a t l y  enhance f l e x i b i l i t y  and p r o d u c t i v i t y ,  and r e s u l t  i n  s a v i n g s  i n  t h e  c o s t  of space  o p e r a t i o n s .  

It w i l l  o f f e r  unique c a p a b i l i t i e s  t h a t  cannot b e  ach ieved  wi th  today 's  expendable launch v e h i c l e s  -- t o  

These 

The Space S h u t t l e  c o n s i s t s  of f o u r  b a s i c  f l i g h t  hardware e lements  -- t h e  o r b i t e r ,  t h e  main eng ines ,  a n  expendable 
e x t e r n a l  p r o p e l l a n t  t a n k  (ET), and twin  s o l i d  rocke t  b o o s t e r s  (SRB) -- p l u s  l aunch  and l and ing  systems. The o r b i t e r  i s  
t h e  r e u s a b l e  s p a c e c r a f t  p o r t i o n  of t h e  Space S h u t t l e .  Its l a r g e  payload volume of 285 c u b i c  meters ( 370  cub ic  y a r d s )  
and ca rgo  c a r r y i n g  c a p a c i t y  of up t o  29,500 ki lograms (65,000 pounds) w i l l  permit  payloads t o  b e  b u i l t  t o  less 
res t r ic t ive  d e s i g n  requirements .  The o r b i t e r  v e h i c l e  will c a r r y  personnel  and payloads  i n t o  o r b i t  t o  perform t h e i r  
a s s i g n e d  t a s k s  and r e t u r n  them t o  Ear th .  The o r b i t e r  i s  roughly t h e  s i z e  of a DC-9 a i r c r a f t  and c o n t a i n s  t h r e e  l i q u i d  
f u e l e d  r e u s a b l e  m i n  engines .  It w i l l  a l s o  p rov ide  a h a b i t a b l e  environment f o r  t h e  crew, which w i l l  i n c l u d e  s c i e n t i s t s  
and eng ineers .  

KISSION PROFILE: 

The Space S h u t t l e  w i l l  b e  launched i n t o  space  b y  t h e  t h r u s t  of i t s  t h r e e  l i q u i d  oxygen/ l iquid  hydrogen main eng ines ,  
burn ing  i n  p a r a l l e l  w i t h  t h e  twin  s o l i d  rocke t  b o o s t e r s .  Two minutes i n t o  t h e  f l i g h t ,  a t  a n  a l t i t u d e  of about  45 
k i l o m e t e r s  (km) ( 2 4  n a u t i c a l  m i l e s ) ,  t h e  s o l i d  rocke t  b o o s t e r s  w i l l  b u r n  o u t ,  s e p a r a t e ,  and descend by  pa rachu te  t o  a 
s o f t  splashdown i n  t h e  ocean abou t  260 km (140 n a u t i c a l  m i l e s )  downrange. They w i l l  t h e n  b e  recovered f o r  refurbishment  
and reuse .  
i n s e r t i o n ,  t h e  eng ines  w i l l  b e  shu t  down and t h e  e x t e r n a l  t ank  w i l l  b e  j e t t i s o n e d .  Following a b a l l i s t i c  t r a j e c t o r y ,  

The t h r e e  main eng ines  w i l l  con t inue  t o  b u r n  f o r  a n o t h e r  six and  one-half minutes.  J u s t  b e f o r e  o r b i t a l  
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t h e  empty t ank  w i l l  r e e n t e r ,  tumble, and  b r e a k  up over  a remote ocean a r e a  about  18,500 km (10,000 n a u t i c a l  m i l e s )  
downrange. The o r b i t e r ,  a i d e d  b y  i t s  o r b i t a l  manewering engines ,  w i l l  e n t e r  Ear th  o r b i t  t o  perform i t s  mission.  A f t e r  
completing t h e  miss ion ,  t h e  o r b i t e r  w i l l  a g a i n  f i r e  i t s  o r b i t a l  manewering eng ines  t o  d e o r b i t  and r e e n t e r  t h e  
atmosphere f o r  i t s  approach and landing .  

The Space S h u t t l e  w i l l  have a crew of  t h r e e :  t h e  commnder, t h e  p i l o t ,  and t h e  miss ion  s p e c i a l i s t .  On some miss ions ,  
up t o  f o u r  more miss ion  o r  payload s p e c i a l i s t s  may b e  added. 
times that  of g r a v i t y  ( 3% f o r c e s )  dur ing  launch and landing ,  and w i l l  b e  a b l e  t o  perform t h e i r  work i n  a s h i r t- s l e e v e  
environment.  

The c r e w  w i l l  expe r i ence  f o r c e s  not  g r e a t e r  t h a n  t h r e e  

The Space S h u t t l e  program i s  i n  t h e  f i n a l  per iod  of development toward t h e  f i r s t  o r b i t a l  f l i g h t  (STS-l), expected i n  
m r c h  of 1981, w i th  a l l  f l i g h t  e lements  i n t e g r a t e d  i n t o  t h e  space  v e h i c l e  which i s  now i n  prelaunch process ing  a t  t h e  
Kennedy Space Center  (KSC) . The t e c h n i c a l  problems which de layed  our  e a r l i e r  planned launch ( i  .e., thermal  p r o t e c t i o n  
system i n s t a l l a t i o n  and t e s t i n g ,  and hardware c e r t i f i c a t i o n  and v e r i f i c a t i o n )  have been  reso lved .  O r b i t e r  102 
(Columbia), which w i l l  b e  used f o r  t h e  o r b i t a l  f l i g h t  test (OFT) program, r o l l e d  out  of t h e  o r b i t e r  p rocess ing  f a c i l i t y  
(OPF) on November 24, 1980, t o  t h e  v e h i c l e  assembly b u i l d i n g  (VAB) where i t  was mated wi th  t h e  e x t e r n a l  t ank  (ET) and 
t h e  two s o l i d  rocke t  b o o s t e r s  (SRB) on December 2 ,  1980. Following i n t e g r a t e d  t e s t i n g  of t h e s e  elements  t hey  w e r e  moved 
t o  t h e  launch pad on December 29,  1980, f o r  f i n a l  l aunch  p repa ra t i on .  Other STS-1 a c t i v i t i e s  such a s  hsrdware 
c e r t i f i c a t i o n  and a v i o n i c s  v e r i f i c a t i o n  a r e  a l s o  proceeding and a r e  nea r  completion. 

FY 1980 main engine  a c t i v i t i e s  inc luded  s i n g l e  engine  and mated engine  t e s t i n g ,  and t h e  p r e l im ina ry  f l i g h t  
c e r t i f i c a t i o n  program i n  p r e p a r a t i o n  f o r  t h e  f i r s t  o r b i t a l  f l i g h t .  The t e c h n i c a l  problems occu r r i ng  i n  1980 (a f u e l  
p reburner  burn- through, a main i n j e c t o r  pos t  f a i l u r e ,  and a f a i l u r e  of a n  o r i f i c e  i n  a t h r u s t  c o n t r o l  sens ing  p o r t )  have 
been  co r r ec t ed .  I n  a d d i t i o n  t o  t h e  problem r e s o l u t i o n  a c t i v i t i e s ,  t h e  f o u r  p r e l im ina ry  f l i g h t  c e r t i f i c a t i o n  (PFC) 
c y c l e s  r e q u i r e d  p r i o r  t o  t h e  f i r s t  f l i g h t  w e r e  completed w i th  two engines.  I n  t o t a l ,  t h e y  accumulated Over 52 tests and 
more t h a n  20,000 seconds of ope ra t i on .  Three of t h e s e  PFC c y c l e s  were a t  t h e  100% r a t e d  power l eve l  (RPL) and t h e  l a s t  
cyc l e  was a t  102% of RPL. I n  a d d i t i o n ,  t h e  t h r e e  engines  t o  b e  used f o r  t h e  f i r s t  o r b i t a l  f l i g h t  were modif ied,  re- 
accep t ance  t e s t e d ,  and  i n  November 1980 r e i n s t a l l e d  i n  O r b i t e r  102. The main engine  program has accumulated over 600 
tests and  95,000 seconds of o p e r a t i o n ,  i nc lud ing  about  1,100 seconds a t  109% of RPL. The main p ropu l s ion  tes t  (MPT) 
series i s  cont inu ing  a t  NSTL t o  demonstrate  t h e  109% power level.  

The f i r s t  f l i g h t  e x t e r n a l  t ank  (ET) i s  a t  KSC where m t i n g  w i th  t h e  SRB'S and o r b i t e r  have been  completed. The second 
external t a n k  (ET-2) i s  i n  f i n a l  checkout f o r  d e l i v e r y  i n  A p r i l  1981. The remainder of t h e  t anks  f o r  t h e  o r b i t a l  f l i g h t  
test program, a long  w i th  t h e  f i r s t  f o u r  t a n k s  ( inc lud ing  t h e  f i r s t  l i gh twe igh t  t a n k )  f o r  t h e  o p e r a t i o n s  phase of t h e  
program, a r e  i n  v a r i o u s  s t a g e s  of manufacture a t  t h e  Michoud Assembly F a c i l i t y .  
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The f i n a l  s o l i d  rocke t  motor q u a l i f i c a t i o n  test f i r i n g  occurred i n  February 1980. Th i s  completed a series of f o u r  
development f i r i n g s  and t h r e e  q u a l i f i c a t i o n  f i r i n g s .  Subsystem component q u a l i f i c a t i o n  test,s were completed t o  suppor t  
the STS-1 f l i g h t .  P r o p e l l a n t  c a s t i n g  f o r  STS-2 and s i x  of t h e  e i g h t  segments f o r  STS-3 have been  completed. 

A t  K S C  s i g n i f i c a n t  p rogress  h a s  been  made i n  p repar ing  t h e  v a r i o u s  Space S h u t t l e  e lements ,  f a c i l i t i e s  and ground 
suppor t  equipment t o  suppor t  t h e  launch of STS-1. 
has been  t i l e  i n s t a l l a t i o n  and complet ion of o r b i t e r  m n u f a c t u r i n g ,  numerous subsystem tests have been  completed and  
major o r b i t e r  i n t e g r a t e d  system t es t s  have been  conducted. The launch p rocess ing  system (LPS) i s  o p e r a t i o n a l  and i s  
suppor t ing  v e h i c l e  and f a c i l i t y  checkout.  
o p e r a t i o n  i s  a v a i l a b l e  and be ing  u t i l i z e d .  Vehic le  system procedures  and s o f t w a r e  t o  b e  used i n  f i n a l  Space S h u t t l e  on- 
pad checkout and launch a r e  be ing  developed and v a l i d a t e d .  Launch pad c ryogen ic ,  hypergo l ,  and o t h e r  f l u i d ,  mechanical ,  
and e l e c t r i c a l  systems a r e  i n  f i n a l  checkout t o  suppor t  Space S h u t t l e  p rocess ing .  The c o n t r a c t o r  and c i v i l  s e r v i c e  
workforce a t  K S C  a r e  on a n  around- the- clock schedu le  i n  o r d e r  t o  a c h i e v e  t h e  planned launch d a t e  f o r  t h e  f i r s t  f l i g h t .  
A f t e r  STS-1, K S C  w i l l  b e  involved i n  t h e  r e t r i e v a l  and disassembly of t h e  SRB’S, d e s e r v i c i n g  of t h e  o r b i t e r ,  and v e h i c l e  
p rocess ing  f o r  STS-2. 

Although t h e  major e f f o r t  i n  t h e  o r b i t e r  p rocess ing  f a c i l i t y  (OPF) 

Software f o r  t h e  o r b i t e r ,  SRB, ET, and f a c i l i t y  subsystem checkout and 

O r b i t e r  099 (Cha l l enger ) ,  used i n  t h e  development phase a s  t h e  s t r u c t u r a l  test a r t i c l e  (STA), i s  be ing  modified t o  a n  
o p e r a t i o n a l  v e h i c l e ,  wi th  d e l i v e r y  planned f o r  mid-1982. 
v e h i c l e s  w i t h  d e l i v e r y  scheduled f o r  t h e  l a te  1983 and  1984 t imeframes r e s p e c t i v e l y .  
FY 1982 a r e  underway t o  develop improved m t e r i a l s  f o r  t h e  t h e r m 1  p r o t e c t i o n  system, t o  p r w i d e  f o r  follow-on 
procurement of t h e  remote manipula tor  system, and t o  i n i t i a t e  procurement of long l e a d  t i m e  m a t e r i a l  f o r  a f i f t h  
orb i t e r  . 

O r b i t e r  103 and O r b i t e r  104 a r e  being manufactured a s  new 
E f f o r t s  which w i l l  extend i n t o  

F a b r i c a t i o n  and assembly of eng ines  f o r  i n s t a l l a t i o n  i n t o  O r b i t e r  099 w i l l  b e  completed i n  FY 1981. These eng ines  
will t h e n  b e  accep tance  t e s t e d  and d e l i v e r e d  t o  K S C  during FY 1982. F a b r i c a t i o n  and assembly of engines  f o r  
i n s t a l l a t i o n  i n t o  follow-on o r b i t e r s  a r e  underway and  w i l l  b e  d e l i v e r e d  i n  1983 and 1984. F a b r i c a t i o n  of engines  f o r  
O r b i t e r  103 w i l l  b e  completed i n  FY 1982. 

Launch and landing product ion phase  a c t i v i t i e s  i n c l u d e  purchasing ground suppor t  equipment and modifying f a c i l i t i e s  i n  
o r d e r  t o  suppor t  two t o  t h r e e  o r b i t e r  v e h i c l e s  i n  s imul taneous  process ing.  
o r b i t e r  p rocess ing  f a c i l i t y ,  a second set of h i g h  b a y s  i n  t h e  v e h i c l e  assembly b u i l d i n g ,  a second mobile launch 
p la t fo rm,  a second launch pad, and a s o l i d  rocke t  motor process ing f a c i l i t y .  

This  i n c l u d e s  a second h igh  bay i n  t h e  

Spares  and equipment funds  p rov ide  f o r  t h e  i n i t i a l  o p e r a t i o n a l  inven to ry  of crew equipment,  necessa ry  s p a r e s  f o r  
f l i g h t  hardware and ground suppor t  equipment, p l u s  ET and SRB produc t ion  r a t e  t o o l i n g .  
spares, o r b i t e r  and launch s i t e  ground suppor t  equipment s p a r e s ,  t h e  e x t r a v e h i c u l a r  m o b i l i t y  u n i t s  (each comprised of a 
space  s u i t  assembly,  a p r i m r y  l i f e  suppor t  system, and a p o r t a b l e  oxygen sys tem) ,  main engine  s p a r e s ,  and ET and SRB 
produc t ion  t o o l i n g  t o  suppor t  t h e  o p e r a t i o n  f l i g h t  r a t e  bu i ldup .  

This i n c l u d e s  o r b i t e r  f l i g h t  
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CHANGES PBon FY 1981 ESTIMATE: 

The t o t a l  Space S h u t t l e  e s t i m a t e  f o r  FY 1981 h a s  i n c r e a s e d  by $70 m i l l i o n ,  which i s  t o  b e  reprogrammed from Space 
F l i g h t  Operat ions  (STS Operat ions) .  These funds  can b e  made a v a i l a b l e  because  of r e d u c t i o n s  i n  requirements  r e s u l t i n g  
from t h e  d e l a y  i n  t h e  f i r s t  o p e r a t i o n a l  f l i g h t .  I n  a d d i t i o n ,  funding e s t i m a t e s  w i t h i n  t h e  Space S h u t t l e  program have 
been  a d j u s t e d  c o n s i s t e n t  wi th  i n c r e a s e d  development (DDTbE) requirements .  The DDT&E requirements  have i n c r e a s e d  
s u b s t a n t i a l l y  p r i m a r i l y  due t o  t e c h n i c a l  problems encountered i n  development , c e r t i f i c a t i o n  and launch p r e p a r a t i o n  
a c t i v i t i e s  and t h e  r e s u l t a n t  d e l a y  of STS-1 and e x t e n s i o n  of t h e  o r b i t a l  f l i g h t  test (OFT) program. A s  a r e s u l t ,  i t  has 
been  necessa ry  t o  a l l o c a t e  t h e  funding budgeted under changes and system upgrading t o  m e e t  added requirements  and 
changes i n  t h e  DDT&E e f f o r t .  I n  a d d i t i o n ,  $55 m i l l i o n  of funds  budgeted f o r  p roduc t ion  a r e  r e a l l o c a t e d  t o  meet t h e  
DDT&E requirements .  These funds  a r e  a v a i l a b l e  a s  a r e s u l t  of rephasing of p roduc t ion  a c t i v i t i e s .  D e t a i l e d  e x p l a n a t i o n s  
a r e  con ta ined  i n  t h e  a p p l i c a b l e  s e c t i o n s  t h a t  fo l low.  

MAJOR PROGRAU ACTIVITIES PLBNRED IN FY 1982: 

e 
e 
e 
e 
e 
e 
0 

0 
e 
a 

Complete o r b i t a l  f l i g h t  test miss ions  
Continue main p ropu l s ion  t e s t i n g  t o  demonstra te  109% of r a t e d  power performance 
Complete t h e  second set of f l i g h t  main eng ines  
Complete d e l i v e r y  of t h e  f o u r t h  s o l i d  rocke t  b o o s t e r  f l i g h t  set hardware f o r  t h e  OFT program 
Complete d e l i v e r y  of t h e  e x t e r n a l  t a n k s  f o r  t h e  OFT program 
Analyze OFT f l i g h t  da ta  f o r  a p p l i c a t i o n  t o  o p e r a t i o n a l  f l i g h t s  
Continue follow-on o r b i t e r  f a b r i c a t i o n  and assembly l ead ing  t o  a n a t i o n a l  f l e e t  of o p e r a t i o n a l  o r b i t e r s  
Reconfigure Columbia f o r  t h e  f i r s t  o p e r a t i o n a l  f l i g h t  
Complete f i r s t  q u a l i f i c a t i o n  f i r i n g  of t h e  performance imprcved s o l i d  rocke t  b o o s t e r  
Complete refurbishment  of t h e  STS-1 s o l i d  rocke t  b o o s t e r s  
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DESIGN, DEVELOPMENT, TEST, AND EVALUATION 

1981 1982 
1980 Budget Current Budget 

Actual  E s t  i m a  t e Estimate E s t  i m a  t e 
(Thousands of D o l l a r s )  

Orbiter................................................ 641,900 320,900 521,000 3 72,000 

OBJECTIVES AND STATUS: 

The Space S h u t t l e  o r b i t e r  i s  a r e u s a b l e  v e h i c l e  which serves a s  t h e  o r b i t i n g  s p a c e c r a f t  t o  deploy and retrieve 
payloads i n  low Ear th  o r b i t  and  provides  l i v i n g  q u a r t e r s  f o r  personnel  i n  o r b i t .  The o r b i t e r  r e e n t e r s  the atmosphere 
and  l a n d s  a s  a n  unpowered a i r c r a f t ,  r e t u r n i n g  crew and payloads.  A payload of up t o  29,500 ki lograms (65,000 pounds) 
can  b e  p laced  i n  low Ear th  o r b i t  a t  a n  a l t i t u d e  of 185 k i l ome te r s  (100 n a u t i c a l  m i l e s ) .  The p h y s i c a l  dimensions of t h e  
payload may b e  a s  l a r g e  a s  4.6 meters (15  f e e t )  i n  d iameter  and 18.3 meters (60 f e e t )  i n  l eng th .  The O r b i t e r  Columbia 
(OV 102) was assembled i n  Palmdale, C a l i f o r n i a ,  and  d e l i v e r e d  t o  t h e  o r b i t e r  p rocess ing  f a c i l i t y  (OPF) a t  t h e  Kennedy 
Space Center  (KSC) i n  m r c h  1979. Planned thermal  p r o t e c t i o n  system (TPS) i n s t a l l a t i o n s ,  OPF t e s t i n g ,  and hardware 
mod i f i ca t i ons  were completed and t h e  o r b i t e r  was r o l l e d  ou t  of t h e  OPF t o  t h e  v e h i c l e  assembly b u i l d i n g  (VAB) on 
November 24, 1980. The o r b i t e r  was mated w i th  t h e  e x t e r n a l  t ank  (ET) and t h e  s o l i d  rocke t  b o o s t e r s  (SRB's); and ,  
fo l lowing  i n t e g r a t e d  t e s t i n g  w i th  t h e s e  e lements ,  t h e  s tacked  v e h i c l e  was moved t o  t h e  launch pad on December 29, 1980, 
f o r  f i n a l  l aunch  p repa ra t i ons .  

Other  o r b i t e r  STS-1 r e l a t e d  a c t i v i t i e s  have a l s o  cont inued.  Hardware c e r t i f i c a t i o n  i s  n e a r l y  complete w i th  most of 
t h e  c e r t i f i c a t i o n  t e s t i n g  f i n i s h e d .  Avionics  v e r i f i c a t i o n  t e s t i n g  i s  proceeding and i s  a l s o  n e a r l y  complete.  

S u b s t a n t i a l  e f f o r t  dur ing  t h e  pa s t  yea r  h a s  been  devoted t o  t h e  thermal  p r o t e c t i o n  system. In a d d i t i o n  t o  completing 
t h e  t i l e  i n s t a l l a t i o n s  on O r b i t e r  102, d e t a i l e d  a n a l y s i s  of t h e  t i l e  i n s t a l l a t i o n s  were conducted t o  determine 
st r u c t  ura 1 
c e r t i f i c a t  
st ruc  t ura 1 
t e s t i n g  t o  
were added 
t ra  j ect o ry  

margins,  and  each t i l e  was proof t e s t e d  t o  1.25 t i m e s  t h e  expected f l i g h t  l oads .  Concurren t ly ,  t h e  TPS 
on test  program has continued t o  demons t ra te  miss ion  l i f e  c a p a b i l i t y  under c o n d i t i o n s  s imu la t i ng  a c o u s t i c ,  
and  thermal  loads .  Tes t ing  t o  a s s e s s  damage e f f e c t s  and  f a i l u r e  modes w e r e  conducted, a s  w e l l  a s  o f f- l i m i t  

de te rmine  a c t u a l  thermal  margins. Spec i a l  tests were i n i t i a t e d  t o  conf i rm des ign  changes, and s e v e r a l  tests 
t o  i n v e s t i g a t e  f u r t h e r  a r e a s  of concern,  such a s  aerodynamic shock dur ing  t h e  t r a n s o n i c  phase of t h e  a s c e n t  

All TPS c e r t i f i c a t i o n  t e s t i n g  f o r  STS-1 w i l l  b e  completed i n  e a r l y  1981. 
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The phased development of f l i g h t  so f twa re  f o r  t h e  primary and backup systems has been  planned t o  provide  e a r l y  
d e l i v e r i e s  of t h e  sof tware  t o  suppor t  a v i o n i c s  v e r i f i c a t i o n  i n  t h e  Space S h u t t l e  a v i o n i c s  i n t e g r a t i o n  l a b o r a t o r y  (SAIL) 
a t  JSC and  t h e  f l i g h t  systems l a b o r a t o r y  (FSL)  a t  Rockwell i n  Downey, C a l i f o r n i a .  V e r i f i c a t i o n  t e s t i n g  i s  grouped i n t o  
t h r e e  c a t e g o r i e s :  Category 1 - Basic: tes t  ca se s  f o r  b o t h  nominal and off- nominal cond i t i ons  f o r  a l l  phases of t h e  
f l i g h t  regime; Category 2 - Regression:  test  c a s e s  t o  v a l i d a t e  changes t o  t h e  o r i g i n a l  b a s e l i n e  system (hardware and 
so f twa re ) ;  Category 3 - Mission Unique: tes t  cases designed t o  v a l i d a t e  t h e  unique t r a j e c t o r y  and f l i g h t  cond i t i ons  of 
t h e  mission.  

The b a s i c  v e r i f i c a t i o n  t e s t i n g  f o r  nominal and off-nomina1 cond i t i ons  ha s  been  completed; t h e  r e g r e s s i o n  and miss ion  
unique t e s t i n g  i s  scheduled t o  b e  completed i n  e a r l y  February 1981. Upon complet ion of t h e  STS-1 v e r i f i c a t i o n  
a c t i v i t i e s ,  t h e  l a b o r a t o r i e s  (SAIL and  FSL) w i l l  b e  reconf igured  t o  suppor t  STS-2 and subsequent f l i g h t s .  The STS-1 
f i n a l  f l i g h t  so f twa re  has been  de l i ve red .  The so f twa re  f o r  STS-2 through STS-4 i s  scheduled f o r  d e l i v e r y  i n  August 
1981. 

Tes t ing  of t h e  v a r i o u s  communication l i n k s  w i th  t h e  rest of t h e  a v i o n i c s  system, u t i l i z i n g  t h e  SAIL and t h e  e l e c t r i c a l  
systems test l a b o r a t o r y  (ESTL) has a l s o  been  performed. Combined system t e s t i n g  of t h e  f l i g h t  c o n t r o l  a c t u a t i o n  systems 
f o r  t h e  a e r o s u r f a c e s  and t h e  main engine  t h r u s t  v e c t o r  c o n t r o l s  wi th  t h e  Space S h u t t l e  hyd rau l i c  systems,  using t h e  FSL 
hardware e v a l u a t o r  and f l i g h t  c o n t r o l  h y d r a u l i c s ,  has a l s o  been  completed. 

The g e n e r a t i o n  of da t a  and documentation f o r  i n t e g r a t i n g  t h e  remote manipula tor  system (RMS) w i th  t h e  o r b i t e r  and f o r  
on- orbi t  f l i g h t  t e s t i n g  of t h e  DDT&E u n i t  produced by  Canada i s  nea r  completion. An RMS c o n f i g u r a t i o n  review has been  
he ld ,  and  i t  h a s  been  determined that  t h e  Canadian des ign  w i l l  m e e t  NASA performance requirements .  
a c t i v i t i e s  w e r e  focused upon f i n a l  t e s t i n g  and necessary  improvements t o  t h e  f l i g h t  hardware, and cont inued RMS f l i g h t  
performance s imu la t i ons  w i th  a s t r o n a u t  p a r t i c i p a t i o n .  The RMS f l i g h t  hardware i s  scheduled t o  b e  d e l i v e r e d  i n  e a r l y  
1981. 

Canadian DDTGE 

CHANGES PROM THE FY 1981 BUDGET ESTIMATE: 

The N 1981 o r b i t e r  estimate has inc rea sed  by  $200.1 m i l l i o n .  The i n c r e a s e  was caused by  t e c h n i c a l  problems which 
delayed t h e  scheduled r o l l o u t  of O r b i t e r  1 0 2  from t h e  o r b i t e r  p rocess ing  f a c i l i t y  (OPF) and l e d  t o  t h e  de l ay  i n  t h e  OFT 
program and  t h e  i n i t i a l  o p e r a t i o n a l  c a p a b i l i t y  d a t e .  
f i r s t  two months of FY 1981 i n  o rde r  t o  complete bonding of t h e  TPS and i n s t a l l a t i o n  of hardware modi f ica t ions .  Higher 
engineer ing  manpower levels have been  r equ i r ed  due t o  d e l a y s  i n  t h e  complet ion of c e r t i f i c a t i o n  work. 
subsystem change a c t i v i t y  has had a n  impact on subcon t r ac to r  c o s t s .  

E inu fac tu r ing  manpower levels had t o  b e  s u s t a i n e d  through t h e  

System and 

Increases i n  requi rements  have a l s o  been  experienced i n  t h e  support  a r e a s  caused by  schedule  ex t ens ions  and a d d i t i o n a l  
t e s t i n g  requirements  f o r  systems i n t e g r a t i o n  and  Johnson Space Center (JSC) program suppor t  e f f o r t s .  I n  SAIL t h e  
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e x t e n s i o n  of t h e  S h u t t l e  test s t a t i o n  t o  a t h i r d  s h i f t  p l u s  maintenance f o r  a f u l l  yea r ,  and t h e  guidance,  n a v i g a t i o n  
and c o n t r o l  test s t a t i o n  t o  a second s h i f t  f o r  a f u l l  yea r  i s  r e q u i r e d  t o  main ta in  t h e  a v j o n i c s  v e r i f i c a t i o n  a c t i v i t y .  
I n c r e a s e s  i n  t h e  IBM e f f o r t  t o  implement s o f t w a r e  changes c o n s i s t e n t  wi th  t h e  r e s o l u t i o n  of hardware anomal ies ,  p l u s  new 
requirements  have been  added t o  t h e  s o f t w a r e  b a s e l i n e .  The requirements  i n  t h e  on- orbit  TPS i n s p e c t i o n  and repair 
a c t i v i t y  have b e e n  i n c r e a s e d  t o  a c c e l e r a t e  t h e  a v a i l a b i l i t y  d a t e  f o r  t h e  hardware. 
added f o r  s i m u l a t o r  t r a i n i n g  t o  suppor t  t h e  o r b i t a l  f l i g h t  test (OFT) program. I n  A p r i l  1980, a f i r e  i n  t h e  
e x t r a v e h i c u l a r  m o b i l i t y  u n i t  (EMU) pr imary oxygen system occurred.  This  r e s u l t e d  i n  a n  e x t e n s i v e  i n v e s t i g a t i o n  of t h e  
cause  of t h e  f i r e ,  and a r e d e s i g n  of t h e  f a u l t y  system. 
space  s u i t  s i z e s ,  b r i n g i n g  t h e  t o t a l  from t h r e e  t o  f i v e  s i z e s  r equ i red .  

Addi t iona l  s h i f t s  have a l s o  been  

The EMU program was a l s o  impacted b y  t h e  a d d i t i o n  of two e x t r a  

BASIS OF FY 1982 EST==: 

The OFT program using O r b i t e r  102 i s  planned t o  b e g i n  i n  t h e  March of 1981 w i t h  t h e  f i r s t  manned o r b i t a l  f l i g h t  of 
STS-1, and w i l l  con t inue  through FY 1982. Major a c t i v i t i e s  i n  FY 1982, t h e r e f o r e ,  w i l l  b e  t h e  conducting of t h e  
remaining OFT f l i g h t s  and t h e  post  f l i g h t  d a t a  a n a l y s i s .  Each development f l i g h t  i s  a test t o  suppor t  p r o g r e s s i v e l y  t h e  
v e r i f i c a t i o n  of t h e  Space S h u t t l e  f o r  o p e r a t i o n a l  u s e ,  t o  v e r i f y  hardware and so f tware  o p e r a t i o n ,  ground and f l i g h t  
p rocedures ,  system c h a r a c t e r i s t i c s  over  a range of c o n d i t i o n s ,  primary and backup o p e r a t i o n a l  modes, and o v e r a l l  
performance. F l i g h t  test da ta  on t h e  systems performance w i l l  b e  reviewed a f t e r  each f l i g h t  and c o r r e c t i v e  a c t i o n  
t aken ,  where necessa ry ,  t o  meet o p e r a t i o n a l  requirements .  Throughout t h e  development f l i g h t  test program, eng ineer ing  
suppor t  w i l l  b e  p r w i d e d  t o  perform t h i s  a n a l y s i s ,  r e s o l v e  problems, and v e r i f y  systems o p e r a t i o n s .  The FY 1982 e f f o r t s  
w i l l  l e a d  t o  t h e  c e r t i f i c a t i o n  of t h e  Space S h u t t l e ' s  r e a d i n e s s  t o  e n t e r  t h e  o p e r a t i o n a l  phase. 
r e q u i r e d  f o r  t h e  OFT program w i l l  b e  t h e  major a c t i v i t y  dur ing FY 1982. Remaining OFT c e r t i f i c a t i o n  t e s t i n g  and 
a n a l y s i s  and l i f e  c y c l e  t e s t i n g  w i l l  a l s o  b e  completed. 

Engineering suppor t  

The complet ion of TPS ground t e s t i n g  and accumulat ion of r e p e t i t i v e  tests t o  v a l i d a t e  d e s i g n  miss ion  l i f e  w i l l  t a k e  
p lace .  It i s  planned t o  demonstra te  a 400 equ iva len t  miss ion  c a p a b i l i t y  t o  c e r t i f y  t h e  TPS f o r  t h e  planned 100 
o p e r a t i o n a l  miss ions .  Considerable  e f f o r t  i n  FY 1982 w i l l  b e  devoted t o  a n a l y s i s  of thermal  d a t a  ga the red  dur ing f l i g h t  
t e s t i n g ,  a l lowing  refinement of a c t u a l  rnargin de te rmina t ion  and t r a j e c t o r y  envelope c a p a b i l i t y .  

I n  FY 1982 t h e  SAIL and FSL w i l l  b e  used t o  p rov ide  nea r  real-time miss ion  suppor t .  
f l i g h t  d a t a ,  p repare  a n a l y s i s  f o r  p o s t- f l i g h t  r e p o r t s ,  and t o  i n v e s t i g a t e  f l i g h t  anomal ies .  S p e c i f i c  a v i o n i c s  
v e r i f i c a t i o n  programs w i l l  b e  conducted f o r  each OFT miss ion  t o  conf i rm t h e  a v i o n i c s  o p e r a t i o n  wi th  primary and backup 
f l i g h t  s o f t w a r e  i n  t h e  new c o n f i g u r a t i o n s .  These i n c l u d e  o p e r a t i o n s  of t h e  RMS, KU-band r a d a r ,  and t h e  t r a c k i n g  and 
d a t a  r e l a y  s a t e l l i t e  (TDRS). F l i g h t  suppor t  and p o s t- f l i g h t  a n a l y s i s  w i l l  b e  conducted f o r  each subsequent o r b i t a l  test 

They w i l l  a l s o  b e  used t o  a n a l y z e  
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f l i g h t .  
a c t i v i t y  w i l l  b e  conducted i n  t h e  SAIL and FSL t o  v e r i f y  t h e  a v i o n i c s  system suppor t  of t h e  miss ion  p lans .  
equipment and  f l i g h t  s o f t w i r e  improvements w i l l  b e  i nco rpo ra t ed  dur ing  t h e  OFT program and e a r l y  o p e r a t i o n a l  f l i g h t s .  
The so f twa re  d e l i v e r i e s  a r e  phased t o  b e  commensurate wi th  a v i o n i c s  improvements and miss ion  requirements .  
t h e s e  improvements w i l l  a l s o  b e  v e r i f i e d  on SAIL  and  FSL. 

Tes t ing  and a n a l y s i s  of some s p e c i f i c  miss ion  o p e r a t i o n s  involv ing  v e h i c l e  maneuvering and e x t r a v e h i c u l a r  
Avionics  

Each of 

M O R  PROGRAM ACTIVITIES PLBNNED IN FY 1982: 

Conduct remaining OFT f l i g h t s  

0 
0 Complete O r b i t e r  102 hardware c e r t i f i c a t i o n  and o p e r a t i o n a l  l i f e  t e s t i n g  

Continue suppor t  t o  OFT f l i g h t s  w i th  engineer ing ,  da t a  a n a l y s i s ,  anomaly r e s o l u t i o n ,  and i n c o r p o r a t i o n  of neces sa ry  
changes 
Del ivery  mission/mod k i t s  f o r  OFT f l i g h t s  

1981 1982 
1980 Budg et Current Budget 

Actual  E s t  i m a  t e E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Fbin engine.  ........................................... 140,600 145,700 13 4 , 000 127,000 

OBJECTIVES AND STATUS: 

The Space S h u t t l e  o r b i t e r  w i l l  use  t h r e e  h igh  p r e s s u r e  l i q u i d  hydrogen/oxygen engines ,  each  w i th  a 2,100,000 newton 
The Space S h u t t l e  main engine  (SSME) r e p r e s e n t s  a major advance i n  p ropu l s ion  (470,000 - pound) vacuum t h r u s t  level. 

technology,  and  i n c o r p o r a t e s  maximum u t i l i z a t i o n  of e x i s t i n g  t echno log i e s .  
ope ra t i ng  l i f e .  
maintenance between f l i g h t s .  
t empera tures  and p r e s s u r e s  i n  t h e  combustion cyc le .  
p roces s  w i t h  a h igh  expansion r a t i o  nozz l e  which r e s u l t s  i n  more e f f i c i e n t  eng ine  ope ra t i ons .  

I n  a d d i t i o n ,  i t  has t h e  advantage  of a long 
It i s  t h e  f i r s t  l a r g e  l i q u i d  f u e l  rocke t  engine  designed t o  b e  r e u s a b l e ,  and w i l l  r e q u i r e  minimum 

An engine-mounted c o n t r o l l e r  i s  used t o  ensu re  o p e r a t i o n  w i t h i n  t h e  l i m i t s  of t h e  h igh  
Performance has been  i nc rea sed  by  using a two- stage combustion 

I n  1980 s e v e r a l  engine problems w e r e  d i scovered .  On J u l y  12, 1980, a main p ropu l s ion  test was prematurely te rmina ted  
because  of a ho t  g a s  burn- through i n  a f u e l  p reburner  w a l l .  On J u l y  23, 1980, a f t e r  47 tests and 14,210 seconds of 
o p e r a t i o n  on one engine ,  i nc lud ing  about  1,100 seconds a t  109% of r a t e d  power level (RPL),  several w i n  i n j e c t o r  LOX 
p o s t s  f a i l e d .  On J u l y  30, 1980, a n  o r i f i c e  i n  a t h r u s t  c o n t r o l  sens ing  p o r t  f a i l e d  r e s u l t i n g  i n  s i g n i f i c a n t  damage t o  
some p a r t s  of t h e  engine.  
des igned ,  developed,  and  t e s t e d .  
f i r s t  manned o r b i t a l  f l i g h t  v e h i c l e  (OV-102). 
seconds t o  Over 7.5 hours  a r e  be ing  i nco rpo ra t ed  i n  t h e  second set of f l i g h t  engines  a long  w i th  a l l  o t h e r  f u l l  power 
level (FPL) engines.  

To prec lude  f u t u r e  f u e l  p reburner  burn- throughs and o r i f i c e  f a i l u r e s ,  mod i f i ca t i ons  were 

Design changes t o  i n c r e a s e  main i n j e c t o r  LOX pos t  l i f e  from 14,000 
By November 1980, t h e s e  mod i f i ca t i ons  were inco rpo ra t ed  i n  t h e  t h r e e  engines  of t h e  
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Beyond r e s o l v i n g  t h e  t e c h n i c a l  problems encountered dur ing 1980, s i g n i f i c a n t  p rogress  was a l s o  r e a l i z e d  i n  t h e  
p re l iminary  f l i g h t  c e r t i f i c a t i o n  (PFC) program. Completion of t h i s  e f f o r t  was r e q u i r e d  p r i o r  t o  STS-1. It c o n s i s t e d  of 
f o u r  c y c l e s  w i t h  each c y c l e  r e q u i r i n g  a minimum of  t h i r t e e n  s p e c i f i c  tests w i t h  a t o t a l  accumulat ion of 5,000 seconds  of 
eng ine  o p e r a t i o n .  Using two eng ines  ( u n i t s  2004 and 0009), t h i s  e f f o r t  was completed on December 2 ,  1980. Three c y c l e s  
were conducted a t  100% of r a t e d  power l e v e l  (RPL), and each c y c l e  inc luded  one f u l l  d u r a t i o n  test (520 seconds)  a t  
102%. The f o u r t h  c y c l e  was a t  102% of r a t e d  power l e v e l .  This l a s t  c y c l e  a l s o  inc luded  one test a t  104%. Together ,  
eng ines  2004 and  0009 through t h e  f o u r  PFC c y c l e s  have accumulated over  52 tests and 20,000 seconds  of o p e r a t i o n .  

After completing t h e  second PFC, eng ine  2004 was s u b j e c t e d  t o  test a t  109% of RPL. It s u c c e s s f u l l y  completed a 
demons t ra t ion  program c o n s i s t i n g  of t h r e e  miss ion  c y c l e s  each s imula t ing  a b o r t  c o n d i t i o n  requirements  a t  109%. About 
1,100 seconds  a t  t h i s  t h r u s t  level were accumulated.  Subsequently,  dur ing f u r t h e r  t e s t i n g  a t  102%, engine  2004 
exper ienced t h e  main i n j e c t o r  LOX p o s t  f a i l u r e s  d e s c r i b e d  earlier. To tha t  p o i n t ,  eng ine  2004 had accumulated 47 tests 
and 14,200 seconds of o p e r a t i o n .  

Through November 1980, t h e  main eng ine  program had accumulated a t o t a l  of over  660 tes ts  and more t h a n  95,000 seconds  
of o p e r a t i o n  ( inc lud ing  MPT). Included i n  t h e  FY 1980 e f f o r t  was t h e  reaccep tance  testing of t h e  f i r s t  f l i g h t  s e t ,  
eng ines  2005, 2006, and 2007. 

I n  FY 1981, con t inu ing  suppor t  w i l l  b e  provided f o r  t h e  o r b i t a l  f l i g h t  tests (OFT). This  w i l l  i n c l u d e  a f u l l  
complement of component and f u l l  eng ine  test c a p a b i l i t y  and a n a l y t i c a l  suppor t  f o r  t h e  f l i g h t s .  I n  a d d i t i o n  t o  t h i s  
e f f o r t ,  development of t h e  f u l l  power l e v e l  (FPL - 109% of RPL) conf igured eng ine  ( u n i t s  2008 and subsequent)  w i l l  
c o n s t i t u t e  t h e  major t h r u s t  of t h e  development a c t i v i t y .  

I n  a d d i t i o n  t o  t h e  development and test work by  Rocketdyne and s u b c o n t r a c t o r s ,  t h e  main engine  a c t i v i t i e s  provide  t h e  
necessa ry  p r o j e c t  suppor t  e f f o r t s .  These i n c l u d e  eng ineer ing ,  t h e  procurement of p r o p e l l a n t s ,  t h e  maintenance of t h e  
eng ine  systems hardware s i m u l a t i o n  l a b o r a t o r y ,  l o g i s t i c s  suppor t ,  and t h e  e v a l u a t i o n  of m a t e r i a l s  and p rocesses .  

CHANGES FRCU FY 1981 BUDGET ESTIMATE: 

The FY 1981 e s t i m a t e  f o r  t h e  main eng ine  has been  reduced b y  $11.7 m i l l i o n ,  p r i m a r i l y  due t o  t h e  d e c i s i o n  t o  modify 
on ly  one of t h e  t h r e e  m i n  p ropu l s ion  test  eng ines  t o  conduct t h e  f u l l  power l e v e l  (109%) MPT test program. The o t h e r  
two MPT-FPL eng ines  w i l l  b e  p roduc t ion  engines .  

M I S  OF FY 1982 ESTIMATE: 

During FY 1982, a f u l l  complement o f  suppor t  c a p a b i l i t y  w i l l  b e  provided f o r  t h e  OFT. S i n g l e  eng ine  development 
testing of t h e  FPL engine  w i l l  cont inue.  It i s  expected that t h i s  development e f f o r t  w i l l  demonstra te  s u f f i c i e n t  eng ine  
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m a t u r i t y  tha t  FPL c e r t i f i c a t i o n  t e s t i n g  can b e  i n i t i a t e d  during FY 1982. Two main p ropu l s ion  tes ts  a r e  a l s o  scheduled 
i n  e a r l y  FY 1982 t o  demonstrate  FPL o p e r a t i o n  of t h r e e  engines  i n  a c l u s t e r .  
suppor t  t h e  engine  system s imu la t i on  l a b o r a t o r y ,  engine  sof tware  i n t e g r a t i o n ,  and  procurement of p r o p e l l a n t s  f o r  t h e  
Santa Susana and NSTL test s i t e  a c t i v i t i e s .  

FY 1982 main engine funding w i l l  a l s o  

W O R  PROJECT ACTIVITIES PLANNED IN FY 1982: 

a Continue engine  t e s t i n g  t o  ach i eve  f i n a l  f l i g h t  c e r t i f i c a t i o n  a t  FPL 
Complete MPT - f u l l  power level t e s t i n g  

0 Provide  l a b o r a t o r y ,  test ,  and a n a l y t i c a l  suppor t  f o r  t h e  OFT program 

1981 1982 
1980 Budget Current Budget 

A c t u a l  E s t  im t e E s t  i m a  t e Es t imate  
(Thousands of D o l l a r s )  

External tank.......................................... 79,400 48,000 54,500 25,000 

OBJECTIVES AND STATUS: 

The e x t e r n a l  t ank  (ET)  w i l l  c o n t a i n  a l l  t h e  p r o p e l l a n t s  f o r  t h e  o r b i t e r ' s  t h r e e  main engines  - l i q u i d  hydrogen a s  t h e  
fuel and l i q u i d  oxygen a s  t h e  o x i d i z e r .  The l i q u i d  p r o p e l l a n t s  a r e  consumed by t h e  o r b i t e r ' s  w i n  engines  from l i f t o f f  
t o  main engine  c u t o f f ,  which occurs  j u s t  b e f o r e  o r b i t a l  i n s e r t i o n .  Following t h e  main engine  c u t o f f ,  t h e  ET w i l l  
s e p a r a t e  from t h e  o r b i t e r  and f a l l  through a b a l l i s t i c  t r a j e c t o r y  t o  b r eak  up over a de s igna t ed  remote ocean a r e a .  The 
ET i s  a s i n g l e  assembly approximately 8.5 meters (27.5 f e e t )  i n  d iameter  and 47 meters (154 f e e t )  long. It w i l l  c o n t a i n  
approximate ly  700,000 ki lograms (1.55 m i l l i o n  pounds) of p rope l l an t  a t  l i f t o f f .  The l i q u i d  hydrogen volume i s  1,530 
cub i c  meters (54,000 cubic  f e e t )  and t h e  l i q u i d  oxygen volume i s  approximate ly  565 cub i c  meters (20,000 cub i c  f e e t ) .  

During 1980, mating of t h e  f i r s t  f l i g h t  t ank  (ET-1) w i th  t h e  SRB's and t h e  o r b i t e r  f o r  STS-1 was completed. F ina l  
p r e p a r a t i o n s  a r e  now be ing  made f o r  t h e  scheduled launch i n  M a c h  of 1981. 
(CDR) was completed i n  November 1980, and manufacturing of t h e  f i r s t  l i gh twe igh t  t ank  has begun. 

The l i gh twe igh t  t ank  c r i t i c a l  de s ign  review 

The second f l i g h t  t ank  (ET-2) i s  i n  f i n a l  checkout.  Del ivery  of t h i s  t ank  t o  KSC i s  planned f o r  Apr i l  1981. The 
t h i r d  and f o u r t h  f l i g h t  t anks  w i l l  b e  s t r u c t u r a l l y  assembled,  t h e  thermal  p r o t e c t i o n  system a p p l i e d ,  and read ied  f o r  
shipment t o  KSC dur ing  1981 and  1982. 
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During FY 1981, a major engineer ing e f f o r t  w i l l  b e  expended on t h e  l i g h t w e i g h t  t ank  (LWT) des ign  and manufacturing.  
The goal of reducing t h e  weight of t h e  t a n k  by  6,000 pounds w i l l  b e  ach ieved  b y  opt imizing t h e  t h i c k n e s s  of t h e  b a s i c  
s k i n ,  r i b s ,  and  chords  of t h e  i n t e r t a n k ,  and t h e  l i q u i d  oxygen and l i q u i d  hydrogen t anks .  

I n  N 1 9 8 1 ,  e f f o r t s  a r e  a l s o  be ing  under taken t o  improve t h e  p r o d u c i b i l i t y  of t h e  ET. The b a s i c  o b j e c t i v e  i s  t o  
develop new techn iques  and p rocesses  t o  b u i l d  t h e  ET more e f f i c i e n t l y  and more economically.  Areas of a c t i v i t y  i n c l u d e  
improved welding t echn iques  and a n  automated i n s p e c t i o n  system, a n  a l t e r n a t e  foam m a t e r i a l  f o r  t h e  l i q u i d  hydrogen t a n k  
a f t  dome, and improvements i n  t ank  priming, c l ean ing  and p r o t e c t i o n .  

CEUHGES FBon PY 1981 BUDGET ESTIMATE: 

The ET e s t i m a t e  f o r  FY 1 9 8 1  h a s  i n c r e a s e d  by $6.5 m i l l i o n .  This  i n c r e a s e  was caused p r i n c i p a l l y  b y  growth i n  t h e  
e f f o r t s  t o  prevent  i c i n g  on p ro tuberances ,  and t h e  ex tens ion  of t h e  development hardware a c t i v i t i e s  t o  suppor t  t h e  
b u i l d i n g  of ET-2, ET-3, and ET-4, c o n s i s t e n t  w i t h  t h e  d e l a y  i n  t h e  STS-1 f l i g h t  schedu le  and t h e  ex tens ion  of t h e  
o r b i t a l  f l i g h t  test program. 

BASIS OF FY 1982 ESTIMATE: 

The f o u r t h  development t a n k  w i l l  b e  i n  t h e  f i n a l  phases  of assembly and checkout a t  t h e  NASA Michoud Assembly F a c i l i t y  
w i t h  d e l i v e r y  planned f o r  t h e  f i r s t  h a l f  of FY 1982 .  P r o d u c i b i l i t y  improvements i n  assembly and manufacturing 
t echn iques  w i l l  b e  cont inued dur ing t h e  yea r  i n  o r d e r  t o  reduce o p e r a t i o n a l  c o s t s .  
completed i n  N 1 9 8 2 ,  whi le  f l i g h t  suppor t  a c t i v i t i e s  w i l l  con t inue  throughout t h e  year .  

LWT d e s i g n  a c t i v i t y  w i l l  b e  

MAJOR PROJECT ACCIVITIES PLANNED I N  FY 1982: 

0 Deliver l a s t  development e x t e r n a l  t a n k  (ET-4) 
0 Complete f i n a l  ET i n s t a l l a t i o n  a t  KSC f o r  STS-3 and  STS-4 

Continue des igns  f o r  p r o d u c i b i l i t y  improvements 
Provide  eng ineer ing  suppor t  t o  t h e  OFT program 
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1981 1982 
1980 Budget Current Budget 

(Thousands of D o l l a r s )  
Est imte Actual  E s t  ima t e E s t  im  t e 

S o l i d  rocke t  booster.................................. 65,200 14,000 44,500 17,000 

OBJECTIVES AND STATUS: 

The Space S h u t t l e  p ropu l s ion  system i n c l u d e s  two r e u s a b l e  s o l i d  rocket  b o o s t e r s  which burn  i n  p a r a l l e l  wi th  t h e  
o r b i t e r  main eng ines  a t  launch t o  p rov ide  t h e  necessa ry  t h r u s t  from l i f t o f f  t o  b o o s t e r  s t a g i n g .  Each s o l i d  rocket  
b o o s t e r  weighs approximately  583,600 ki lograms (1.29 m i l l i o n  pounds) and d e l i v e r s  approximately  11.6 m i l l i o n  newtons 
(2.6 m i l l i o n  pounds) ave rage  vacuum t h r u s t .  The s o l i d  rocket  b o o s t e r s  a r e  a p p r o x i m t e l y  3.6 meters (12.2 f e e t )  i n  
d iamete r ,  45.5 meters (149 f e e t )  long,  and a r e  a t t a c h e d  t o  t h e  e x t e r n a l  t ank .  A f t e r  burnou t ,  a t  a n  a l t i t u d e  of about  45 
k i l o m e t e r s  (150,000 f e e t ) ,  t h e  b o o s t e r s  s e p a r a t e  from t h e  e x t e r n a l  tank.  The s o l i d  rocket  b o o s t e r s  w i l l  descend by  
pa rachu te  and l and  i n  t h e  ocean about  260 k i l o m e t e r s  (140 n a u t i c a l  m i l e s )  from t h e  launch s i te .  They w i l l  b e  recovered 
by s h i p  and r e t u r n e d  f o r  refurbishment  and r e u s e .  

The main element i n  t h e  s o l i d  rocket  b o o s t e r  system i s  t h e  s o l i d  rocket  motor (SRM), which i s  be ing  developed by 
Thiokol ,  M s a t c h  Div i s ion ,  i n  Utah. Other b o o s t e r  system elements such a s  t h e  recovery system, t h r u s t  v e c t o r  c o n t r o l  
(TVC), a t t a c h  s t r u c t u r e s ,  forward and a f t  s k i r t ,  and  s e p a r a t i o n  motors a r e  be ing  procured s e p a r a t e l y .  MSFC has  t h e  
r e s p o n s i b i l i t y  f o r  t o t a l  systems i n t e g r a t i o n  of t h e  s o l i d  rocket  b o o s t e r  e f f o r t .  

I n  1980 t h e  f i n a l  q u a l i f i c a t i o n  motor was s u c c e s s f u l l y  s t a t i c  test  f i r e d .  Th i s  completed t h e  DDT&E series of f o u r  
development and t h r e e  q u a l i f i c a t i o n  f i r i n g s .  Subsystem component q u a l i f i c a t i o n  t e s t s  were completed t o  suppor t  t h e  
STS-1 f l i g h t .  The b o o s t e r  assembly c o n t r a c t o r  has  been  a c t i v e l y  irwolved wi th  t h e  assembly and checkout of t h e  b o o s t e r  
f o r  STS-1. 

A l l  major ground tes ts  f o r  t h e  SRB subsystems have a l s o  been  s u c c e s s f u l l y  completed. These inc luded  o v e r a l l  TVC 
systems tests,  SRB/ET s e p a r a t i o n  tests,  pa rachu te  drop tests, f u l l - s c a l e  s t r u c t u r a l  t e s t i n g ,  and e l e c t r i c a l  and 
i n s t r u m e n t a t i o n  systems t e s t i n g .  P r o p e l l a n t  c a s t i n g  of t h e  STS-3 f l i g h t  motor segments,  and t h e  assembly of t h e  STS-3 
subsystems were a l s o  s t a r t e d  dur ing  1980. So l id  rocke t  motor l igh twe igh t  case components, which w i l l  i n c r e a s e  t h e  
payload c a p a b i l i t y  of t h e  Space S h u t t l e  by  approximately  600 pounds, have been  hydro- tes ted t o  conf i rm t h e  s t r u c t u r a l  
i n t e g r i t y  and s e a l  c a p a b i l i t y  of t h e  c l e v i s  j o i n t s .  The components have a l s o  been  s u b j e c t e d  t o  a b u r s t  t es t  t o  o b t a i n  
b i a x i a l  stress and s t r a i n  d a t a .  
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CHANGES pBop( FY 1981 BUDGET ESTIMATE: 

The SRB e s t i m a t e  f o r  FY 1981 h a s  i n c r e a s e d  b y  $30.5 m i l l i o n .  This i n c r e a s e  was caused p r i m a r i l y  b y  t h e  i n c l u s i o n  of 
an SRM performance improvement program t o  p rov ide  f o r  approximately  3,000 pounds of a d d i t i o n a l  payload,  a s  w e l l  a s  DDT&E 
f l i g h t  hardware d e l i v e r y  d e l a y s  necessa ry  t o  suppor t  t h e  s l i p p e d  development f l i g h t  schedule .  

BASIS OF FY 1982 ESTIMATE: 

The assembly o f  f l i g h t  hardware f o r  STS-2 and STS-3 w i l l  con t inue  through 1981. The b o o s t e r  assembly c o n t r a c t o r  w i l l  
a l s o  b e  involved wi th  t h e  refurbishment  and checkout of recovered hardware from t h e  STS-1 miss ion.  

During FY 1982, t h e  SRB c o n t r a c t o r s  w i l l  con t inue  wi th  t h e  assembly and checkout of t h e  SRB's f o r  t h e  f i n a l  two DDT&E 
f l i g h t s .  Also, refurbishment  and checkout of two f l i g h t  se ts  of recovered hardware f o r  r e u s e  w i l l  b e  completed. 

To p rov ide  f o r  a d d i t i o n a l  payload c a p a b i l i t y  o f  approximately  3,000 pounds, t h e  s o l i d  rocke t  motor performance 
enhancement program w i l l  con t inue  through FY 1982. The f i r s t  improved o p e r a t i o n a l  motor i s  scheduled f o r  launch i n  
1983. FY 1982 a c t i v i t i e s  w i l l  i n c l u d e  t h e  c o n t i n u a t i o n  of des ign ,  f a b r i c a t i o n ,  and t e s t i n g  of two q u a l i f i c a t i o n  motors.  
To improve p r o d u c i b i l i t y ,  new techn iques  and p rocesses  t o  b u i l d  SRB components more e f f i c i e n t l y  w i l l  b e  undertaken.  

MAJOR PROJECT ACTIVITIES PUIWETJ FOR FY 1982: 

0 Complete assembly and checkout of f l i g h t  SRB's a t  KSC f o r  t h e  OFT program 
0 Complete q u a l i f i c a t i o n  motor f i r i n g s  of t h e  improved performance s o l i d  rocket  motor 
0 Complete refurbishment  of t h e  f i r s t  two OFT f l i g h t  b o o s t e r s  
0 Provide  engineer ing suppor t  t o  OFT program 

1981 1982 
1980 Budget Current Budget 

Actual  E s t  i m a  t e E s t  i m a  t e E s t i m a t e  
(Thousands of D o l l a r s )  

h u n c h  and landing..................................... 188,400 154,400 204,000 199 , 000 
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OBJECTIVES AHD STATUS: 

The Space S h u t t l e  launch and landing p r o j e c t  i n c l u d e s  t h e  p r e p a r a t i o n  of a series of Space S h u t t l e  l and ing ,  ground 
p rocess ing ,  launch p rocess ing ,  and launch s t a t i o n  sets  a t  t h e  Kennedy Space Center  (KSC) and landing systems a t  t h e  
Dryden F l i g h t  Research Center (DFRC) and t h e i r  o p e r a t i o n  through t h e  OFT phases .  
sys tems,  t e s t i n g  sys tems,  s e r v i c i n g  sys tems,  and ground suppor t  equipment (GSE). The launch c o n t r o l  c e n t e r  (LCC) a t  KSC 
c o n t a i n s  t h e  h e a r t  of t h e  computerized automated launch process ing system (LPS), which connects  t o  many of t h e  s t a t i o n  
sets f o r  remote monitoring and c o n t r o l  of t h e  v e h i c l e  t e s t i n g ,  s e r v i c i n g ,  checkout and launch p rocess ing .  In  a d d i t i o n  
t o  t h e  l and ing  f a c i l i t i e s  a t  KSC and DFRC, l and ing  suppor t  f a c i l i t i e s  a r e  planned f o r  c o n s t r u c t i o n  a t  t h e  White Sands 
Missile Range, New Mexico, t o  p r w i d e  a backup landing s i te  f o r  e a r l y  OFT f l i g h t s .  

These s t a t i o n  sets i n c l u d e  handling 

A c t i v a t i o n  of t h e  v a r i o u s  launch and landing s t a t i o n  sets has been  paced t o  match t h e  f l i g h t  hardware development, 
c e r t i f i c a t i o n ,  and r e a d i n e s s  f o r  f l i g h t .  During FY 1980 t h e  launch suppor t  t e a m  was implemented a t  t h e  level r e q u i r e d  
t o  suppor t  o r b i t e r  checkout i n  t h e  o r b i t e r  p rocess ing  f a c i l i t y  (OPF) and t o  suppor t  f i n a l  a c t i v a t i o n  and checkout of 
f a c i l i t i e s  needed f o r  t h e  f i r s t  S h u t t l e  f l i g h t .  The Space S h u t t l e  landing s t a t i o n s  a t  DFRC and KSC and t h e  OPF and LPS 
a t  KSC were a c t i v a t e d  i n  FY 1979, and were o p e r a t i o n a l  a t  t h e  beginning of FY 1980. The mobile l auncher ,  pa rachu te  
packing f a c i l i t y ,  p r o p u l s i v e  element checkout a r e a  ( f o r  SRB, ET, SSME), and v e h i c l e  assembly s t a t i o n s  i n  t h e  VAB were 
a c t i v a t e d  i n  t h e  f i r s t  q u a r t e r  of FY 1980. A second f i r i n g  room and LPS c o n t r o l  set w e r e  a c t i v a t e d  i n  FY 1980 t o  a l l o w  
t h e  development and checkout of ground test s o f t w a r e  i n  p a r a l l e l  wi th  v e h i c l e  t e s t i n g .  During FY 1980 f a c i l i t i e s  were 
c o n s t r u c t e d  a t  White Sands i n  o rde r  t o  hand le  t h e  o r b i t e r  process ing i n  event of l and ings  a t  t h a t  s i t e .  

Del ivery  and i n s t a l l a t i o n  of t h e  r e q u i r e d  KSC STS-1 GSE was completed dur ing FY 1980. GSE s p a r e s  have been  
p r w i s i o n e d ,  p rocess ing  f l u i d s  have been  supp l i ed  t o  suppor t  checkout and t e s t i n g ,  and i n i t i a l  p r o p e l l a n t s  and f l i g h t  
systems replacement s p a r e s  a r e  being accumulated f o r  t h e  f i r s t  launch. A t  t h e  pad, t h e  f u e l  c e l l  and h y p e r g o l i c  
p r o p e l l a n t  loading systems have been  through t h e  test c e r t i f i c a t i o n  phase and a n  i ce  p r o t e c t i o n  and purge swing arm has 
been i n s t a l l e d .  The remaining GSE i s  be ing  implemented on schedule .  

The major p o r t i o n  of launch and landing e f f o r t s  i n v o l v e  t h e  o p e r a t i o n  of t h e  s t a t i o n  se ts  and t h e  process ing and 
launch of t h e  f l i g h t  hardware. The development c o n t r a c t o r s  which p r w i d e  o n- s i t e  launch suppor t  i n c l u d e  Rockwell 
I n t e r n a t i o n a l , ,  Martin-Marietta,  United Space Boos te r s ,  Inc . ,  and Thiokol.  

The o r b i t e r  Columbia was i n  p rocess ing  i n  t h e  OPF from i t s  d e l i v e r y  t o  KSC i n  March 1979 u n t i l  i t s  r o l l o u t  t o  t h e  VAB 
on Nwember 2 4 ,  1980. Columbia was d e l i v e r e d  t o  t h e  VAB w i t h  a minimum of incomplete  f l i g h t  systems and TPS t i l e  
i n s t a l l a t i o n s  and has  s i n c e  been undergoing manufacturing completion i n  p a r a l l e l  wi th  systems t e s t i n g .  Most systems 
have now been  t e s t e d .  
launch performance and i n t e g r a t i o n  tests a r e  t h e  p r i m r y  e f f o r t  remaining t o  b e  completed. The f i r s t  f l i g h t  ET was 
d e l i v e r e d  i n  J u l y  1979. Del ivery  of t h e  f i r s t  set of f l i g h t  SRB hardware was completed dur ing  Nwember and December 
1979. The ET, S R B s ,  and o r b i t e r  Columbia a r e  now mated on t h e  mobile launcher  a t  t h e  launch pad. The S h u t t l e  i n t e r f a c e  
test (SIT) has been  completed, and p r e p a r a t i o n s  a r e  underway f o r  t h e  f l i g h t  r e a d i n e s s  f i r i n g ,  countdown and launch. 

Over 90% of a l l  r e q u i r e d  q u a l i f i c a t i o n  and c e r t i f i c a t i o n  tests have been  performed. F i n a l  pre-  
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I n  l a t e  FY 1980, NASA confirmed t h e  d e c i s i o n  t o  ma in t a in  t h e  commitment f o r  a f i r s t  Space S h u t t l e  launch i n  m r c h  1981 
d e s p i t e  t h e  d e l a y  i n  t h e  OPF r o l l o u t  schedule .  This  d e c i s i o n  was announced fo l lowing  a n , i n t e n s i v e  program review. One 
key element of  t h e  d e c i s i o n  was t o  adopt  a four-month work schedule  u t i l i z i n g  a seven-day, t h r e e- s h i f t  o p e r a t i o n  f o r  
t h o s e  a c t i v i t i e s  neces sa ry  from OPF r o l l o u t  t o  launch.  This  work schedule  has r e s u l t e d  i n  i nc r ea sed  manpower 
requi rements  f o r  p rocess ing  t h e  v e h i c l e  f o r  launch.  From r o l l o u t  on November 24, 1980, t o  t h e  W r c h  1981 launch  d a t e ,  
m n y  employees involved  w i th  c r i t i c a l  pa th  work process ing  w i l l  b e  r equ i r ed  t o  work h igh  levels of overtime and 
a d d i t i o n a l  personnel  a r e  r equ i r ed  beyond t h o s e  p r o j e c t e d  i n  t h e  FY 1981 budget  estimate t o  suppor t  t h e  planned 
a c t  i v i  t ies  . 

After launch ,  t h e  o r b i t e r  w i l l  l and  a t  DFRC, b e  de se rv i ced ,  t h e n  mated w i th  t h e  carr ier  a i r c r a f t  and f e r r i e d  back t o  
KSC; t h e r e  i t  w i l l  b e  i n spec t ed ,  r e p a i r e d ,  and reprocessed  i nc lud ing  any  neces sa ry  replacement of TPS t i l e s .  The SRBs 
w i l l  b e  r e t r i e v e d  and disassembled f o r  refurbishment  and  reprocess ing .  Other f l i g h t  e lements  w i l l  b e  processed f o r  STS- 
2 dur ing  N 1981, and work on t h e  turnaround of Columbia w i l l  b e  completed. The second S h u t t l e  launch i s  scheduled f o r  
t h e  f o u r t h  q u a r t e r  of FY 1981. 

CTUUIGES .FROM FY 1981 BUDGET ESTIMATE: 

The launch  and  landing  estimate has i nc r ea sed  $49.6 m i l l i o n ,  p r i m a r i l y  t o  suppor t  t h e  compressed e f f o r t  r equ i r ed  t o  
process  t h e  S h u t t l e  v e h i c l e  f o r  launch.  The compressed e f f o r t  has i nc r ea sed  t h e  development and suppor t  c o n t r a c t o r  
funding requi rements  s u b s t a n t i a l l y .  Work i s  be ing  scheduled seven days ,  t h r e e  s h i f t s ,  r a t h e r  t han  f i v e  days ,  two 
s h i f t s ,  a s  p r o j e c t e d  i n  t h e  FY 1981 budget  estimate. 

M I S  OF Fp 1982 ESTIMATE: 

During FY 1982, t h e  p r i n c i p a l  a c t i v i t i e s  i n  t h e  launch  and landing  p r o j e c t  w i l l  focus  on process ing  f l i g h t  e lements  t o  
complete t h e  OFT program. The f i s c a l  yea r  e f f o r t  w i l l  i n c lude  i n t e n s i v e  a c t i v i t i e s  suppor t ing  v e h i c l e  process ing  i n  t h e  
OPF, VAB, and  a t  t h e  launch  pad t o  t e s t ,  checkout and launch STS-3, STS-4, and  t h e  f i r s t  o p e r a t i o n a l  f l i g h t  (STS-5). 
The process ing  a c t i v i t y  i s  suppor ted  by LPS o p e r a t i o n s ,  l o g i s t i c s ,  t r a n s p o r t a t i o n ,  p r o p e l l a n t s ,  and s p a r e s  
provis ion ing .  There a r e  a l s o  p rov i s ions  f o r  f a c i l i t y  and  equipment mod i f i ca t i ons  and r equ i r ed  changes through t h i s  
development per iod .  

MAJOR PROJgCT ACTIVITIES PLANNED IN FY 1982: 

Perform element and space  v e h i c l e  process ing  and launch  f o r  STS-3, 4 ,  and  5 
R e t r i e v e  and  r e f u r b i s h  r e u s a b l e  f l i g h t  hardware from OFT f l i g h t s  

e Prepare  f o r  t h e  t r a n s i t i o n  t o  t h e  o p e r a t i o n a l  mode 
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CHANGES AND SYSTEMS UPGRADING 

1981 1982 
1980 Budget Current Budget 

Actual  E s t  i m a  t e E s t  i m a  t e E s t  i m a  t e 
(Thousands of D o l l a r s )  

Changes and systems upgrading .......................... --- 150,000 --- 3 00,000 

OBJECTIVES AND STATUS: 

Management, t e c h n i c a l ,  and  c o s t  reviews of t h e  Space S h u t t l e  program have s t r e s s e d  t h e  i m p e r a t i v e  need f o r  providing 
a n  adequa te  a l lowance f o r  changes and m o d i f i c a t i o n s  which i n e v i t a b l y  a r e  r e q u i r e d  i n  a l a r g e ,  complex, and t e c h n i c a l l y  
demanding space  system. 

The changes and systems upgrading budget r e p r e s e n t s  t h e  es t ima ted  requirement f o r  p o t e n t i a l  changes and systems 
m o d i f i c a t i o n s  and u n a n t i c i p a t e d  developments which a r e  not included i n  t h e  budget estimates f o r  development and 
product ion.  Such funds  a r e  necessa ry  t o  p rov ide  a n  adequa te  a l lowance f o r  programmatic and t e c h n i c a l  changes which 
r e s u l t  from Space S h u t t l e  development ground and f l i g h t  t e s t i n g ,  and exper ience  i n  t h e  p roduc t ion  phase. Those changes 
i n c l u d e  m o d i f i c a t i o n  t o  t h e  o r b i t e r s  t o  improve f l i g h t  performance and system r e l i a b i l i t y ,  changes and upgrading of 
ground sys tems t o  reduce turnaround t i m e  between miss ions ,  and replacement/modification of hardware e lements  t o  a c h i e v e  
i n c r e a s e d  opera t ing  economies. 

A s  t h e  changes and upgrading requirements  a r e  i d e n t i f i e d  and approved, funds  w i l l  b e  a l l o c a t e d  t o  DDT&E o r  p roduc t ion  
a c c o r d i n g l y  . 
CHANGES PROM FY 1981 BUDGET ESTIMATJS: 

The changes and systems upgrading funds  i d e n t i f i e d  i n  t h e  FY 1981 budget have been  r e a l l o c a t e d  t o  S h u t t l e  DDT&E t o  
h e l p  o f f s e t  t h e  c o s t  of changes and i n c r e a s e d  development requirements  a s s o c i a t e d  p r i m a r i l y  wi th  t h e  d e l a y  i n  STS-1 
launch schedu le  and t h e  extended o r b i t a l  f l i g h t  test program. Other i n c r e a s e d  development requirements  i n c l u d e  t h e  
a c c e l e r a t i o n  of t h e  on- orbit  TPS i n s p e c t i o n  and repair c a p a b i l i t y ,  and r e s o l u t i o n  of c e r t i f i c a t i o n  t e s t i n g  problems i n  
t h e  space  s u i t  and l i f e  suppor t  systems development. 
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BASIS FOR FY 1982 ESTIMATE: 

The funding reques ted  f o r  FY 1982 r e p r e s e n t s  t h e  es t ima ted  f l e x i b i l i t y  r e q u i r e d  t o  accomplish t h e  a n t i c i p a t e d  
m o d i f i c a t i o n s  which a r e  l i k e l y  t o  r e s u l t  from t h e  i n i t i a l  f l i g h t  tests and t h e  p o t e n t i a l  changes t o  i n c r e a s e  r e l i a b i l i t y  
and o p e r a t i n g  e f f i c i e n c y .  Changes and upgrading e f f o r t s  i n c l u d e  modi f i ca t ions  t o  f l i g h t  and ground systems; d e s i g n  and 
development of hardware/sof tware  systems which meet requirements  f o r  imprwed s a f e t y ,  r e l i a b i l i t y ,  performance and c o s t-  
e f f e c t i v e n e s s ;  and  changes t o  f l i g h t  and ground systems which w i l l  reduce o p e r a t i o n a l  c o s t s  b y  extending t h e i r  
o p e r a t i o n a l  l i f e ,  f a c i l i t a t i n g  imprwed  mission- to-mission turnaround t i m e l i n e s ,  and ach iev ing  imprwed  miss ion 
performance margins.  The estirnate assumes a g e n e r a l l y  nominal o r b i t a l  f l i g h t  test program, out  of which requirements  
would a r i s e  f o r  r e l a t i v e l y  minor ground and f l i g h t  sys tem m o d i f i c a t i o n s  and improvements. 
upgrading might i n c l u d e  tandem e levon  a c t u a t o r s  t o  i m p r w e  r e l i a b i l i t y ;  a r edes igned  rudder lspeedbrake powerdrive u n i t  ; 
a u x i l i a r y  power u n i t  and f u e l  c e l l  improvements; minor modi f i ca t ions  t o  t h e  main eng ines ;  and ground system imprwements 
such a s  a d d i t i o n a l  launch process ing system checkout ,  c o n t r o l ,  and monitor subsystem hardware. 

Such changes and system 
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PRODUCTION 

1980 
Actual  

Orbiter................................................ 572,600 

1981 1982 
Budget Current Budget 

Estimate E s t i m a t e  E s t  i m a  t e 
(Thousands of D o l l a r s )  

768,200 727,500 873,000 

OBJBCTIVBS Am smms: 

The Space S h u t t l e  product ion program i s  based  on a n a t i o n a l  f leet  of v e h i c l e s  c u r r e n t l y  approved a s  f o u r  o r b i t e r s ,  
p l u s  t h e  maintenance of a n  o p t i o n  f o r  a f i f t h  o r b i t e r .  Three a d d i t i o n a l  o r b i t e r  v e h i c l e s  a r e  now being procured i n  t h e  
p roduc t ion  phase. O r b i t e r  099, used i n  DDT&E a s  t h e  s t r u c t u r a l  test  a r t i c l e ,  i s  being modified t o  a n  o p e r a t i o n a l  
v e h i c l e  w h i l e  O r b i t e r  103 and O r b i t e r  104 a r e  be ing  manufactured a s  new v e h i c l e s .  O r b i t e r  102, t h e  DDT&E v e h i c l e ,  w i l l  
a l s o  b e  modified t o  a n  o p e r a t i o n a l  c o n f i g u r a t i o n  a f t e r  completion of t h e  o r b i t a l  f l i g h t  test  program. During t h e  p a s t  
yea r  t h e  m a j o r i t y  of e f f o r t  has been  placed on subcon t rac to r  procurements f o r  O r b i t e r  099. I n  FY 1981, t h e  e f f o r t  w i l l  
b e  sha red  between O r b i t e r  099 and O r b i t e r  103 requirements .  

The O r b i t e r  099 a i r f r a m e  has been  d e m t e d ,  test i n s t r u m e n t a t i o n  has b e e n  remwed,  and major s t r u c t u r a l  e lements  
r e t u r n e d  t o  t h e i r  respective c o n t r a c t o r s  where t h e y  a r e  w e l l  a long i n  rework. The main s t r u c t u r e  c o n s i s t i n g  of t h e  mid 
and lower f u s e l a g e  and wings i s  i n  rework a t  t h e  Rockwell (RI) f a c i l i t y  i n  Palmdale, C a l i f o r n i a .  A new crew module f o r  
O r b i t e r  099 i s  be ing  f a b r i c a t e d  a t  t h e  R I  f a c i l i t y  i n  Downey, C a l i f o r n i a ,  and  w i l l  b e  d e l i v e r e d  t o  Palmdale f o r  mating 
wi th  t h e  lower forward f u s e l a g e  i n  mid-1981. 
w e r e  begun i n  September 1980. 

Secondary s t r u c t u r e s  i n s t a l l a t i o n  i s  proceeding,  and TPS i n s t a l l a t i o n s  

O r b i t e r  103 long- lead procurements and d e t a i l  p a r t s  manufacturing a r e  underway a t  t h i s  t i m e .  Subcontractor  f a b r i c a t i o n  
and assembly of major s t r u c t u r a l  e lements ,  inc lud ing  t h e  wings, e l evons ,  and mid f u s e l a g e ,  a r e  underway. O r b i t e r  103 
weight s a v e r  d e s i g n  engineer ing i s  a l s o  i n  p rocess .  Long-lead procurements f o r  O r b i t e r  104 have been  i n i t i a t e d .  Long- 
l e a d  t i t a n i u m  m a t e r i a l  procurements f o r  O r b i t e r  105 a r e  planned t o  b e  i n i t i a t e d .  

With t h e  s ign ing  of t h e  follow-on produc t ion  c o n t r a c t  i n  FY 1980 f o r  t h r e e  p roduc t ion  remote manipula tor  system (RMS) 
u n i t s ,  t h e  Canadian procurement and manufacturing a c t i v i t i e s  have inc reased .  The f i r s t  p roduc t ion  RMS f l i g h t  system i s  
scheduled f o r  d e l i v e r y  dur ing t h e  t h i r d  q u a r t e r  of FY 1982. The second and t h i r d  f l i g h t  u n i t s  w i l l  b e g i n  manufacture i n  
l a te  N 1981 and b e g i n  assembly i n  l a t e  N 1982. 

RD 1-20 



The FY 1981 c u r r e n t  estimate h a s  been  reduced by $40.7 m i l l i o n .  This  r e d u c t i o n  i s  due t o  s e v e r a l  changes i n  t h e  
phasing of planned product ion a c t i v i t i e s -  
e f f o r t s  due t o  t h e  cont inuing requirements  i n  development and c o m p a t i b i l i t y  v e r i f i c a t i o n  of t h e  Vandenburg Air Force 
Base (VAFB) f a c i l i t i e s ;  t h e  d e f e r r a l  of g l o b a l  p o s i t i o n i n g  systems (GPS) e f f o r t ;  d e l e t i o n  of t h e  procurement of e i g h t  
manned manuevering u n i t s  (MMU); d e f e r r a l  of d e s i g n  r e v i e w s  and system v e r i f i c a t i o n  a c t i v i t i e s  f o r  O r b i t e r  099. 
funding has been  r e a l l o c a t e d  t o  t h e  Space S h u t t l e  DDTLE program t o  h e l p  o f f s e t  i n c r e a s e d  requirements  r e s u l t i n g  from t h e  
extended o r b i t a l  f l i g h t  test program and t h e  d e l a y  i n  t h e  f i r s t  o p e r a t i o n a l  f l i g h t .  

This i n c l u d e s  t h e  d e l a y  i n  t h e  planned i n c r e a s e  i n  systems i n t e g r a t i o n  

The 

B B I S  FOR FY 1982 ESTIMATE: 

Del ive ry  of O r b i t e r  099 i s  scheduled i n  mid-1982, O r b i t e r  103 i n  l a t e  1983, and O r b i t e r  104 in l a t e  1984. During FY 
1982, O r b i t e r  099 w i l l  b e  i n  t h e  f i n a l  assembly pe r iod  a t  Palmdale. 
i n s t a l l a t i o n s  w i l l  t a k e  p lace .  F i n a l  checkout w i l l  b e  conducted and t h e  v e h i c l e  w i l l  b e  d e l i v e r e d  t o  KSC v i a  t h e  7 4 7  
c a r r i e r  a i r c r a f t .  

F i n a l  systems i n s t a l l a t i o n s ,  mating,  and TPS 

For  O r b i t e r  103, t h e  major e f f o r t  i n  FY 1982 w i l l  b e  d e l i v e r y  and i n s t a l l a t i o n  of major s t r u c t u r a l  e lements  and 
primary and secondary s t r u c t u r e s ,  t h e  c o n t i n u a t i o n  of i n i t i a l  systems i n s t a l l a t i o n s ,  and t h e  i n i t i a t i o n  of TPS 
i n s t a l l a t i o n s .  During FY 1982, d e t a i l  p a r t s  manufacturing f o r  O r b i t e r  104 w i l l  con t inue  and s t r u c t u r a l  assembly w i l l  b e  
i n i t i a t e d .  

An i n t e n s i v e  program i s  a l s o  underway, which w i l l  con t inue  i n t o  FY 1982, t o  develop imprwed  m a t e r i a l s  f o r  thermal  
p r o t e c t i o n  sys tems on subsequent o r b i t e r s  and f o r  r e t r o f i t  on O r b i t e r  102. Four a r e a s  of improvement which c u r r e n t l y  
a r e  be ing  s t u d i e d  a r e :  a d d i t i o n  of s i l i c o n  c a r b i d e  pigment t o  t h e  b a s i c  s i l i c a  t i l e ,  replacement of t h e  low tempera tu re  
(whi te)  t i l e s  wi th  a s i l i c a  b l a n k e t ,  s u b s t i t u t i o n  of f i b e r  r e i n f o r c e d  ceramic (FRCI) t i l e s  f o r  t h e  h igher  t empera tu re  
(b lack)  t i l e s ,  and i n c o r p o r a t i o n  of a n  improved s t r a i n  i s o l a t o r  pad (SIP) .  

A c t i v i t y  i n  p roduc t ion  suppor t  a r e a s  w i l l  a l s o  con t inue  i n  FY 1982. The a u t h o r i t y  t o  proceed on a d d i t i o n a l  c l o s e d  
c i r c u i t  t e l e v i s i o n  (CCTV) equipment f o r  p roduc t ion  o r b i t e r s  w i l l  b e  g i v e n  l a t e r  i n  1981. A c t i v i t y  i n  FY 1982 f o r  t h e  
CCTV w i l l  b e  t h e  manufacture and d e l i v e r y  of t h e  f i r s t  product ion u n i t .  Procurement of follow-on RMS f l i g h t  u n i t s  from 
Canada w i l l  con t inue  i n  FY 1982, and t h e  f i r s t  follow-on u n i t  w i l l  b e  d e l i v e r e d  i n  mid-1982. The major e f f o r t  i n  FY 1982 
f o r  t h e  a u t o m a t i c  checkout equipment (ACE) w i l l  b e  t h e  i n i t i a t i o n  and complet ion of checkout of O r b i t e r  099 a t  Palmdale 
p r i o r  t o  d e l i v e r y .  
from OFT and o t h e r  o p e r a t i o n a l  miss ion unique payloads.  

Sof tware  development f o r  l a t e r  f l i g h t s  w i l l  con t inue  i n  FY 1982 and w i l l  i n c l u d e  changes r e s u l t i n g  
The i n i t i a l  phase of t h e  a c q u i s i t i o n  and f i r s t  use  of t h e  
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s o f t w r e  p roduc t ion  f a c i l i t y  (SPF) w i l l  t a k e  p l a c e  i n  FY 1982. The SPF i s  r e q u i r e d  t o  suppor t  t h e  opera t  
requirements  and w i l l  produce a f l i g h t  so f tware  package f o r  each o p e r a t i o n a l  f l i g h t .  The SPF a c q u i s i t i o n  
complet ion i n  N 1986. 

Long-lead component and subsystem procurements and purchase of t i t a n i u m  m a t e r i a l  w i l l  b e  made dur ing FY 
main ta in  t h e  o p t i o n  f o r  a f i f t h  o r b i t e r  v e h i c l e  i f  cont inuing s t u d i e s  i n d i c a t e  t h e  need f o r  a n  a d d i t i o n a l  

M J O R  PROGRAM ACTIVITIES PUNNED FOR FY 1982: 

Complete assembly,  tes t ,  checkout ,  and d e l i v e r y  of O r b i t e r  099 
Continue manufacture of O r b i t e r  103 - d e l i v e r y  of major s t r u c t u r a l  e lements  
- i n s t a l l a t i o n  of primary and secondary p a r t s  - c o n t i n u a t i o n  of i n i t i a l  systems i n s t a l l a t i o n  
- i n s t a l l a t i o n  of TPS 
Continue d e t a i l  p a r t  manufacturing and i n i t i a t e  assembly of major s t r u c t u r a l  e lements  f o r  O r b i t e r  104 
Development of improved TPS f o r  o p e r a t i o n a l  v e h i c l e s  
Procurement of follow-on RMS u n i t s  
Procurement of long- lead r m t e r i a l  f o r  a f i f t h  o r b i t e r  
Del ivery  of CCTV equipment f o r  O r b i t e r  099 
Begin s o f t w a r e  product ion f a c i l i t y  a c q u i s i t i o n  and u s e  

 OM^ so f tware  
i s  planned f o r  

1982 t o  
orb i ter  . 

1981 1982 
1980 Budget Current Budg e t  

A c t u a l  E s t  i m a  t e  Est imate  E s t i m a t e  
(Thousands of D o l l a r s )  

W i n  engine............................................ 123,600 121,500 12 1,500 105,000 

OBJECTIVE AND STATUS: 

The Space S h u t t l e  main engine  (SSME) d e s i g n  and development e f f o r t  through FY 1980 h a s  progressed i n  expanding t h e  
SSME o p e r a t i n g  envelope from t h e  FMOF c o n f i g u r a t i o n  engine  (100% RPL) t o  t h e  f u l l  power level  (FPL) eng ine  (109% RPL). 
The p roduc t ion  budget p rov ides  t h e  m a t e r i a l  procurement,  f a b r i c a t i o n  and assembly o p e r a t i o n  necessa ry  t o  suppor t  t h e  
o r b i t e r  f l e e t  wi th  FPL engines .  The f i r s t  p roduc t ion  (FPL c o n f i g u r a t i o n )  engine  was assembled i n  l a t e  FY 1980. From 
m a t e r i a l s  procurement t o  f i n a l  main eng ine  assembly covers a t i m e  span of abou t  42 months. Then a n o t h e r  few months a r e  
r e q u i r e d  f o r  shipping t o  NSTL, t es t  s t a n d  i n s t a l l a t i o n ,  accep tance  t e s t i n g ,  f i n a l  checkouts and i n s p e c t i o n s  b e f o r e  
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d e l i v e r y  t o  KSC. 
o r b i t e r  p roduc t ion  and f l i g h t  schedu le  w i l l  cont inue.  
requirements  through 1985, a p roduc t ion  f low of abou t  one completed eng ine  every  f o u r  months i s  near  opt imal .  

I n  FY 1982, t h e  m a t e r i a l s  procurement,  f a b r i c a t i o n  and assembly o p e r a t i o n s  necessa ry  t o  suppor t  t h e  
Current a n a l y s e s  i n d i c a t e  that t o  m e e t  t h e s e  S h u t t l e  program 

BASIS OF FY 1982 ESTIMATE: 

FY 1982 funds  a r e  r e q u i r e d  t o  con t inue  t h e  f a b r i c a t i o n  and assembly of FPL c o n f i g u r a t i o n  f l i g h t  engines .  Component 
d e l i v e r i e s  such a s  m i n  i n j e c t o r ,  turbopumps, m i n  combustion chamber p a r t s ,  etc. ,  w i l l  b e  phased t o  suppor t  t h e  
f a b r i c a t i o n  and  assembly opera t ions .  F a b r i c a t i o n  and assembly of eng ines  f o r  i n s t a l l a t i o n  i n t o  O r b i t e r  103 w i l l  b e  
completed and t h e  engines  f o r  i n s t a l l a t i o n  i n t o  O r b i t e r  099 w i l l  b e  accep tance  t e s t e d  dur ing FY 1982. 
of components f o r  t h e  completion of eng ines  f o r  subsequent O r b i t e r s  w i l l  b e  phased throughout FY 1982 t o  meet t h e  
assembly requirements  and planned d e l i v e r y  dates i n  succeeding f i s c a l  yea r s .  
t o  NSTL f o r  accep tance  t e s t i n g .  

The f a b r i c a t i o n  

A f t e r  assembly,  each engine  i s  t r a n s p o r t e d  
Th i s  e f f o r t  r e q u i r e s  l o g i s t i c s ,  e v a l u a t i o n  and a n a l y s i s  suppor t .  

MAJOR PROJECT ACTIVITIES PLhRNED IN FY 1982: 

8 Assemble eng ines  t o  o u t f i t  O r b i t e r  103 
0 Acceptance test f l i g h t  eng ines  f o r  O r b i t e r  099 

1981 1982 
1980 Budget Current Budget 

A c t u a l  E s t  i m  t e E s t  i rna t e Estimte 
(Thousands of D o l l a r s )  

Launch and landing..................................... 16,400 40,400 34,000 57,000 

OBJECTIVES AND STATUS: 

The f i r s t  l i n e  of f a c i l i t i e s  a t  KSC s u p p o r t s  t h e  launch process ing and checkout of one o r b i t e r  v e h i c l e  through l aunch  
When t h e  second o r b i t e r  v e h i c l e  i s  d e l i v e r e d  t h e r e  must b e  a d d i t i o n a l  ground and launch suppor t  equipment and l and ing .  

i n s t a l l e d  a s  "second l i n e  f a c i l i t i e s ' '  Included i n  t h e  
second l i n e  f a c i l i t i e s  i s  a second h igh  bay  i n  t h e  OPF, a second set of h igh  b a y s  i n  t h e  VAB, a second mobile launch 
p l a t f o r m  (MLP), a second launch pad, and a s o l i d  rocket  motor process ing f a c i l i t y .  
long- lead i t e m s  of ground suppor t  equipment (GSE), some r e q u i r i n g  a s  much a s  two y e a r s  l e a d  t i m e .  
e f f o r t  i s  r e q u i r e d  t o  ensure  t h e  o r d e r l y  a c t i v a t i o n  o f  f a c i l i t i e s  and implementation of changes t o  s p e c i f i c a t i o n s ,  
drawings,  and documentation t h a t  have occurred dur ing f i r s t  l i n e  a c t i v a t i o n  e f f o r t s .  

t o  a l l o w  process ing  of two t o  t h r e e  o r b i t e r s  s imul taneously .  

Procurements a r e  being i n i t i a t e d  on 
System engineer ing 
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CHANGES FRCM FY 1981 BUDGET ESTIMATE: 

The FY 1981 c u r r e n t  estimate h a s  been  reduced by $6.4 m i l l i o n  by d e f e r r i n g  t h e  o p e r a t i o n a l  r e a d i n e s s  d a t e  f o r  OPF-2 b y  
approximately s i x  months, c o n s i s t e n t  wi th  t h e  ex t ens ion  of t h e  OFT program and t h e  de l ay  of t h r e e  months i n  STS i n i t i a l  
opera t iona 1 ca pab i 1 i t  y . 
BASIS OF FY 1982 ESTIMATE: 

The t h r u s t  of t h e  FY 1982 e f f o r t  w i l l  b e  t o  des ign ,  i n s t a l l ,  check o u t ,  and  v a l i d a t e  t h e  second l i n e  of GSE and 
f a c i l i t i e s  i n  suppor t  of o r b i t e r  d e l i v e r i e s .  

The i n s t a l l a t i o n  c o n t r a c t  on t h e  second OPF h igh  bay  and a l l  C-SE procurement d e l i v e r i e s  w i l l  b e  completed during FY 
1982. E f f o r t  w i l l  t h e n  b e  d i r e c t e d  toward f i n a l  hookup, checkout ,  and v a l i d a t i o n  t o  support  p re launch  o r b i t e r  
p rocess ing  no l a t e r  t h a n  September 1, 1982. 

Cons t ruc t i on  of t h e  b a s i c  second mobile  launcher  p l a t fo rm was completed i n  1979. Numerous de s ign  mod i f i ca t i ons  
r equ i r ed  on t h e  f i r s t  MLP w i l l  b e  i nco rpo ra t ed  on MLP-2. 
w e l l  a s  t h e  f i n a l  hookup of t h e  launch process ing  system and GSE.  
p r e p a r a t i o n  f o r  t h e  September 1982 o p e r a t i o n a l  r e a d i n e s s  date (ORD).  

The i n s t a l l a t i o n  c o n t r a c t  w i l l  b e  completed during t h e  yea r  a s  
All systems w i l l  b e  checked out  a n d . v a l i d a t e d  i n  

GSE f o r  t h e  second set of v e h i c l e  assembly b u i l d i n g  h igh  bays  w i l l  b e  procured during FY 1982 and i n s t a l l a t i o n  w i l l  
beg in .  

Although t h e  o p e r a t i o n a l  r ead ines s  d a t e  f o r  t h e  pad i s  i n  FY 1985, i n t e n s i v e  e f f o r t  must b e g i n  i n  FY 1982 t o  i n i t i a t e  
i n s t a l l a t i o n  p l ans  and long- lead procurements f o r  GSE. A major e f f o r t  w i l l  b e  t o  upda te  t h e  de s ign  f o r  Pad B. Design 
work w i l l  b e  done on t h e  i n s t a l l a t i o n  c o n t r a c t  r equ i r ed  t o  l a y  ou t  t h e  procedures  f o r  i n s t a l l i n g  t h e  GSE a t  t h e  Pad. 
Among t h e  m n y  items of GSE t o  b e  procured and f a b r i c a t e d ,  some major GSE procurements f o r  t h e  Pad w i l l  b e  t h e  GOXvent 
arm, t h e  ET v e n t  a r m ,  t h e  o r b i t e r  access arm, and  i n i t i a l  procurement f o r  t h e  payload ground handling mechanism (PGHM). 

The major e f f o r t  i n  t h e  launch c o n t r o l  c e n t e r  (LCC) dur ing  FY 1982 w i l l  b e  t o  develop t h e  launch process ing  system 
(LPS) so f twa re  product ion  f a c i l i t y .  Long-lead procurements w i l l  b e g i n  i n  FY 1981. Add i t i ona l  procurements must b e  made 
i n  FY 1982 and au tomat ion  development work must b e  i n t e n s i f i e d .  F i r i ng  Room 3 i n  t h e  LCC w i l l  b e  modified and a c t i v a t e d  
f o r  DOD mi s s ions  r e q u i r i n g  s ecu re  launch  o p e r a t i o n s ,  and F i r i n g  Room 2 w i l l  b e  modif ied t o  provide  launch precess ing  
system so f twa re  product ion  c a p a b i l i t y .  Completion i n  1983 i s  r equ i r ed  t o  suppor t  p ro j ec t ed  launch  r a t e s .  
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Within  t h e  l a s t  f i v e  y e a r s ,  evidence has  accumulated i n d i c a t i n g  that t h e  p rocess ing  of SRB segments i n  t h e  VAB poses  
more of a s a f e t y  hazard  t h a n  was o r i g i n a l l y  envis ioned.  
i n a d v e r t e n t  i g n i t i o n  of a n  SRB segment i n  t h e  VAB might b e  c a t a s t r o p h i c  i n  terms of loss of l i f e  and major damage t o  
s h u t t l e  f l i g h t  hardware and t o  t h e  VAB i t s e l f .  
United Technologies Corporat ion (UTC) i n  1979 h a s  shown t h a t  such a n  i g n i t i o n  i s  p o s s i b l e ,  a s  w e l l  a s  sympathet ic  
i g n i t i o n  of o t h e r  segments. The r i s k  t o  pe r sonne l ,  f l i g h t  hardware, and t h e  VAB can  b e  reduced b y  removing a s  much SRB 
segment p rocess ing  and s t o r a g e  from t h e  VAB a s  i s  p r a c t i c a b l e .  
f a c i l i t y  f o r  SRB process ing ,  t o  i n c l u d e  t h e  o f f- load ing ,  i n s p e c t i n g ,  and b u i l d i n g  up of a f t  segment a c t i v i t i e s .  
f o r  t h e s e  f a c i l i t i e s  a r e  inc luded  i n  t h e  Cons t ruc t ion  of F a c i l i t i e s  budget .  
o p e r a t e  t h e  f a c i l i t y  w i l l  b e  i n i t i a t e d  i n  N 1982 w i t h i n  t h i s  Research and Development budget t o  suppor t  t h e s e  SRM 
o p e r a t i o n s .  
i n a d v e r t e n t  SRM i g n i t i o n  i n  t h e  VAB dur ing s o l i d  rocke t  b o o s t e r  s t ack ing  o p e r a t i o n s .  
environment w i l l  r e s u l t  i n  i d e n t i f i c a t i o n  of p o t e n t i a l  f a c i l i t y  and equipment m o d i f i c a t i o n / a d d i t i o n s  t o  b e  i n i t i a t e d  
dur ing N 1982. 

Various s t u d i e s  and hazard a n a l y s e s  have shown t h a t  t h e  

The a c t u a l  i n a d v e r t e n t  i g n i t i o n  of a swen- foo t  d iameter  segment a t  

Cons t ruc t ion  i n  FY 1982 i s  proposed f o r  a ded ica ted  
Funds 

Procurement of hardware and equipment t o  

Continued engineer ing and d e s i g n  a n a l y s e s  a r e  r e q u i r e d  t o  d e f i n e  t h e  damages that would r e s u l t  from 
D e f i n i t i o n  of t h e  hazardous 

W O R  PROJECT ACTIVITIES PUNNED IN FY 1982 : 

0 Prepare  OPF-2 t o  suppor t  pre launch O r b i t e r  p rocess ing  by  September 1, 1982 
0 Prepare  MLP-2 f o r  September 1982 ORD 
0 

0 Securing F i r i n g  Room 3 f o r  DOD miss ions  
Update t h e  des ign  f o r  Pad B 

1981 1982 
1980 Budget Current Budget 

Actual  E s t  im t e E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Spares  and equipment................................... 42,900 109 , 900 102,000 155,000 

OBJECTIVES AND STATUS: 

L o g i s t i c s  suppor t  t o  t h e  Space S h u t t l e  program r e q u i r e s  a n  i n i t i a l  l ay- in  of s p a r e s  adequa te  f o r  replacement of 
S h u t t l e  components a s  t h e y  f a i l  i n  use.  
s i g n i f i c a n t  f a c t o r s  i n  determining t h e  q u a n t i t y  of i n i t i a l  s p a r e s  t o  b e  procured.  
investment i n  program c a p a b i l i t y  t o  r each  t h e  f l i g h t  r a t e  and process ing t i m e  r e q u i r e d  by  t h e  o p e r a t i o n a l  miss ion model. 

F a i l u r e  r a t e  f o r  each i t e m  and t h e  turnaround t i m e  f o r  i t e m  r e p a i r  a r e  two 
I n i t i a l  spares a r e  considered a s  a n  
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I n i t i a l  s p a r e s  i n c l u d e  p r i m a r i l y  l i n e  r e p l a c e a b l e  u n i t s  (LRU's), o r  t h o s e  f o r  which t h e  optimum maintenance a c t i o n  i s  
removal from t h e  v e h i c l e  and replacement.  I n  some c a s e s ,  economic a n a l y s i s  s u p p o r t s  providing i n i t i a l  s p a r e s  a t  t h e  
shop r e p l a c e a b l e  u n i t  (SRU) level a s  w e l l .  The i n i t i a l  s p a r e s  funding l i n e  i n c l u d e s  c o s t s  of f l i g h t  s p a r e s ,  GSE s p a r e s ,  
and t h e  l o g i s t i c s  suppor t  a n a l y s i s  t o  p r o p e r l y  estimate and procure  t h e s e  s p a r e s .  

Tooling m o d i f i c a t i o n s  r e q u i r e d  t o  accomodate t h e  l igh twe igh t  Ex te rna l  Tank (ET) c o n f i g u r a t i o n  c o n t i n u e s  b o t h  a t  t h e  
Michoud Assembly F a c i l i t y  and a t  t h e  subsystem hardware vendor f a c i l i t i e s .  Also, a number of major weld and thermal  
p r o t e c t i o n  system (TPS) t o o l i n g  procurements r e q u i r e d  t o  a c h i e v e  h igher  ET b u i l d  r a t e s  a r e  being i n i t i a t e d .  Tooling 
m o d i f i c a t i o n s  t o  accomodate h igher  b u i l d  r a t e s  a r e  cont inuing a t  t h e  SRM s u b c o n t r a t o r  f a c i l i t i e s  and a t  KSC f o r  t h e  SRB 
subsystem hardware. C r e w  equipment p rov ides  f o r  t h e  c e r t i f i c a t i o n  and v e r i f i c a t i o n  of t h e  l i f e  suppor t  system (LSS) and 
e x t r a v e h i c u l a r  m o b i l i t y  u n i t  (EMU, o r  space  s u i t ) .  

CHARGES PROM FY 1981 BUDGET ESTIMATE: 

The i n i t i a l  l ay- in  of s p a r e s ,  planned i n  t h e  FY 1981 budget estimate, suppor ted  a n  earlier o p e r a t i o n a l  f l i g h t  
schedule .  The FY 1981 c u r r e n t  estixmte has  been  reduced by  $7.9 m i l l i o n  b y  de lay ing  l i f e  suppor t  systems (LSS) and 
space  s u i t s  planned procurements u n t i l  FY 1982, and by  a rephasing of SRB and  ET t o o l i n g  c a p a b i l i t i e s  t o  m e e t  t h e  
p resen t  f l i g h t  schedule .  

BASIS OF FY 1982 EST'IWBTE: 

Due t o  t h e  p roduc t ion  and procurement lead- t imes,  funding i n  FY 1981 s u p p o r t s  a f l i g h t  p l a n  of e i g h t  o p e r a t i o n a l  
f l i g h t s  i n  FY 1982 and FY 1983. These lead- time procurements i n  FY 1982 a r e  necessa ry  t o  suppor t  t h e  FY 1984 f l i g h t  
rate requirement  and t h e  concur ren t  p r e p a r a t i o n  f o r  i n c r e a s e d  launch s i t e  c a p a b i l i t y  through t h e  second l i n e  of GSE 
spares .  C r e w  r e l a t e d  i t e m s  w i l l  a l s o  b e  produced and w i l l  r e s u l t  i n  a n  EMU space  s u i t  inven to ry  of t e n  t r a i n i n g  and 
t h i r t e e n  f l i g h t  s u i t s  a t  t h e  end of FY 1982, w i t h  a l l  f i v e  s i z i n g s  having a t  least t h r e e  s u i t s .  Th i s  i .nventory p l u s  t h e  
l i f e  suppor t  system and r e l a t e d  s p a r e s  w i l l  suppor t  f l i g h t  and backup crew needs f o r  t r a i n i n g  through STS-8 and f l i g h t  
through STS-7. 
c o n t r a c t o r s  and subcon t rac to r  f a c i l i t i e s .  
i n s t a l l e d  a t  t h e  Michoud Assembly F a c i l i t y  dur ing FY 1982, l ead ing  toward achievement of  a p roduc t ion  c a p a b i l i t y  of 2 4  
t a n k s  p e r  year .  

Tooling m o d i f i c a t i o n s  t o  accomodate h i g h e r  hardware b u i l d  r a t e s  w i l l  con t inue  a t  ET and SRB prime 
A number of e x t e r n a l  t ank  weld f i x t u r e s  and TPS a p p l i c a t o r  t o o l s  w i l l  b e  
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BESEARCH AND DKVEMPHJINT 

FISCAL YEAR 1982 ESTIMATES 

BUDGET SUMMRY 

OFFICE OF SPACE TRANSPORTATION SYSTEMS 

SUMMARY OF RESOURCES REQUIREMENTS 

1980 
Actual  

Space t r a n s p o r t a t i o n  systems o p e r a t i o n s  
c a p a b i l i t y  development............... ................ 54,100 

Development, test and miss ion  suppor t . .  ................ 172,600 
Advanced programs...................................... 13,000 
Spacelab........ ....................................... 58,800 
Space t r a n s p o r a t i o n  system opera t ions . .  ................ 148,100 

Total................................................ 446,600 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center................................... 143,461 
Kennedy Space Center................................... 86,601 
Marsha l l  Space F l i g h t  Center . .  ......................... 200,812 
Na t iona 1 Space Technology Iabora t o r i e s  ................. 5,800 
Goddard Space F l i g h t  Center  ............................ 5,143 
Jet Propuls ion  Laboratory.. . .  .......................... 55 
Ames Research Center................................... --- 
Langley Research Center................................ --- 
L e w i s  Research Center.................................. --- 
Headquarters....................... .................... 4,728 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  446,600 

SPACE FLIGHT OPERATIONS PROGRAM 

1981 
Budget Current 

E s t i m a t e  Est imate 
(Thousands of D o l l a r s )  

79,000 
183,500 

8 ,800 
149,700 
346,500 

767,500 

208,300 
138,500 
397,300 

5,200 
7 ,100 

2 00 

100 

10,800 

--- 
--- 

81,000 
183,500 

8 ,800 
139,700 
270,700 

174,800 
102,400 
387,200 

5,000 
5,500 --- 

--- 
--- 
--- 

8,800 

683,700 

1982 
Budget Page 

E s t i m a t e  - NO 

146,200 RD 2-3 
184,000 RD 2-15 

10,800 RD 2-20 
140,700 RD 2-22 
561,300 RD 2- 24 

23 7 , 3  00 
112,200 
663,100 

5,3 00 
3 ,800 --- 

--- 
--- 
--- 

21,300 

1,043,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1982 ESTIMATES 

OPFI,CE OF SPACE TRANSPORTATION SYSTWS SPACE FLIGHT OPERATIONS PROGRAM 

PRoGBdn OBJECTIVES AND JUSTIPICATIOH: 

The Space F l i g h t  Opera t ions  program i n c l u d e s  Space Transpora t ion  System Opera t ions  C a p a b i l i t y  Development; t h e  common 
suppor t  a c t i v i t i e s  conducted under Development, T e s t  and Mission Support;  Advanced Programs; Spacelab ; and Space 
Tra nspor ta  t i o n  System Opera t i ons .  

Space Transpora t ion  Systems (STS) Opera t ions  C a p a b i l i t y  Development provides  f o r  space  t r a n s p o r a t i o n  system 
development a c t i v i t i e s  o t h e r  t han  t h e  Space Shu t t l e .  
o r d e r l y  t r a n s i t i o n  t o  STS ope ra t i ons .  P r i n c i p a l  a r e a s  of a c t i v i t y  i n c l u d e  t h e  STS Upper s t a g e s ,  Mult imission and 
Payload Support Equipment, Mission Control  Center  Upgrading (Level 1 1 ) ,  Payload and Operat ions Support ,  Performance 
Augmentation, So l a r  E l e c t r i c  Propuls ion  System, and STS Opera t ions  E f f ec t i venes s .  

These development and suppor i  a c t i v i t i e s  a r e  necessary  f o r  t h e  

Development, T e s t  and  Mission Support p rovides  t h e  common engineer ing ,  s c i e n t i f i c  and t e c h n i c a l  suppor t  r equ i r ed  a t  
t h e  Johnson Space Center ,  t h e  Kennedy Space Center ,  t h e  % r s h a l l  Space F l i g h t  Center ,  and t h e  Nat iona l  Space Technology 
I a b o r a t o r i e s  f o r  space  t r a n s p o r a t i o n  systems r e s e a r c h  and  development a c t i v i t i e s .  

The advanced program e f f o r t  p r w i d e s  t e c h n i c a l  a s  w e l l  a s  programmatic da t a  f o r  t h e  d e f i n i t i o n  and e v a l u a t i o n  of 
p o t e n t i a l  f u t u r e  space  miss ions  and systems. I n  suppor t  of t h i s  e f f o r t ,  advanced development a c t i v i t i e s  a r e  conducted 
t o  p rov ide  a b a s i s  f o r  ob t a in ing  s i g n i f i c a n t  performance r e l i a b i l i t y  improvements and reducing f u t u r e  program r i s k s  and 
development c o s t s  through t h e  e f f e c t i v e  use  of new technology.  

The Spacelab i s  a major element of t h e  Space T ranspo r t a t i on  System. The program i s  be ing  c a r r i e d  out  j o i n t l y  b y  NASA 
and t h e  European Space Agency (ESA). NASA's suppor t  of ESA's Spacelab development e f f o r t  i n c l u d e s  development of  
suppor t  equipment not  provided by  ESA. Other a c t i v i t i e s  i n c l u d e  procurement of f l i g h t  hardware and system a c t i v a t i o n  
a c t i v i t i e s  which a s s u r e  Spacelab c o m p a t i b i l i t y  w i th  t h e  o r b i t e r  l ead ing  t o  a n  o p e r a t i o n a l  c a p a b i l i t y .  

Space T ranspo r t a t i on  System Opera t ions  w i l l  p rov ide  t h e  t r a n s p o r t a t i o n  services and  o p e r a t i o n a l  a c t i v i t i e s  t o  b r i n g  
about  a new e r a  i n  c a p i t a l i z i n g  on t h e  unique advantages  of space t o  ach i eve  expansion of h u m n  knowledge and p r a c t i c a l  
b e n e f i t s  on Earth.  The Space T ranspo r t a t i on  System Opera t ions  a c t i v i t i e s  i n t e g r a t e  t h e  Space S h u t t l e  system, t h e  
Spacelab,  and t h e  Upper S tages  i n t o  a versa t i le  and economical system; accomplish miss ion  p lanning;  p rovide  t h e  
o p e r a t i o n a l  r e c u r r i n g  hardware and consumables; and  suppor t  a l l  l aunch ,  f l i g h t ,  recovery ,  crew and r e l a t e d  a c t i v i t i e s .  
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BASIS OF FY 1982 FUNDING REQUIREMENTS: 

SPACE TRANSPORTATION SYSTEMS (STS) OPERATIONS CAPABILITY DEVELOPMENT 

1981 1982 
1980 Budget Current  Budget Page 

A c t u a l  E s t  im  t e E s t i m a t e  E s t i m a t e  - NO 
(Thousands of D o l l a r s )  

Space t r a n s p o r t a i o n  system upper s t a g e s . .  .............. 18,300 29,000 3 1,000 60,000 RD 2-5 ........... 16,500 RD 2-7 ..... 15,800 RD 2-9 
17,700 
24,800 

9,600 13,000 
15,800 

Mult imiss ion  and payload suppor t  equipment..  
Mission c o n t r o l  c e n t e r  (MCC) upgrading (Level 11). 12,900 

RD 2-10 
Space t r a n s p o r t a t i o n  system o p e r a t i o n s  e f f e c t i v e n e s s . .  . --- --- --- 10,000 RD 2- 11 
S o l a r  e l e c t r i c  p ropu l s ion  system....................... --- --- 7,000 18,000 RD 2-12 ..................... 3,000 5,000 RD 2-13 

Payload and o p e r a t i o n s  suppor t . .  ....................... 10,900 11,200 7,700 10,700 

2,400 10,000 Performance augmenta t ion  s t u d i e s . .  

79,000 81,000 146,200 Total................................................ 54,100 

OBJECTIVES AND STATUS: 

The Space T r a n s p o r t a t i o n  Systems Opera t ions  C a p a b i l i t y  Development a c t i v i t y  i n c l u d e s  seven major a r e a s  of e f f o r t :  
Space T r a n s p o r t a t i o n  Systems Upper S tages ;  Mul t imiss ion  and Payload Support Equipment ; t h e  Mission Contro l  Center  (MCC) 
Ugrading (Level  11); Payload and Opera t ions  Suppor t ;  Space T r a n s p o r t a t i o n  System Opera t ions  E f f e c t i v e n e s s ;  S o l a r  
E lec t r i c  P ropu l s ion  System, and Performance Augmentation. The STS Upper S tages  c u r r e n t l y  under development c o n s i s t  of 
t h e  I n e r t i a l  Upper S t age  ( I U S )  and  t h e  Spinning S o l i d  Upper S t age  (SSUS). They a r e  expendable,  p r o p u l s i v e  s t a g e s  
r equ i r ed  t o  p r w i d e  t h e  c a p a b i l i t y  t o  deploy  Shutt le- launched payloads  t o  h i g h  energy o r b i t s  not a t t a i n a b l e  by t h e  
S h u t t l e  a l o n e .  The I U S ,  be ing  developed under a Department of Defense c o n t r a c t ,  i s  a m u l t i s t a g e ,  s o l i d  p r o p e l l a n t  
expendable v e h i c l e  t o  become o p e r a t i o n a l  on t h e  T i t a n  i n  1981 and on t h e  STS i n  l a t e  1982. Because of r ecen t  problems, 
i nc lud ing  r e v i s e d  c o n t r a c t o r  c o s t  estimates, p l a n s  f o r  t h i s  upper s t a g e  a r e  c u r r e n t l y  under r e v i e w .  The Spinning S o l i d  
Upper S tages  (SSUS),  be ing  developed b y  t h e  McDonnell-Douglas Corpora t ion  a s  a commercial v e n t u r e ,  a r e  s p i n- s t a b i l i z e d  
s o l i d  p r o p e l l e n t  expendable upper s t a g e s ,  s i z e d  f o r  Delta  and f o r  Atlas-Centaur c l a s s  payloads ,  t o  b e  launched i n t o  
geosynchronous o r b i t .  
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Mult imiss ion  and  Payload Support Equipment c o n s i s t s  of ground and f l i g h t  hardware used f o r  i n t e r f a c e s  between t h e  
payloads and t h e  Space T ranspo r t a t i on  System, a s  w e l l  a s  tes t  equipment t o  v e r i f y  payload i n t e g r a t i o n  c o m p a t i b i l i t y .  
Th i s  class of  hardware w i l l  b e  developed i n t o  a s t anda rd ,  r e u s a b l e  i nven to ry  f o r  a v a r i e t y  of payloads.  

The Mission Cont ro l  Center (MCC) Upgrading (Level 11) i s  t h e  r e c o n f i g u r a t i o n  of t h e  Johnson Space Center Mission 
Cont ro l  Center  t o  suppor t  t h e  STS o p e r a t i o n a l  f l i g h t  schedule  requirements .  Level I1 w i l l  p rovide  a d d i t i o n a l  hardware, 
equipment,  and so f twa re  t o  upgrade t h e  MCC t o  provide  t h e  c a p a b i l i t y  t o  suppor t  two s imul taneous  o r b i t e r  miss ions ,  a 
ground t e s t  o r  s imu la t i on  network, d u a l  launch s i t e  i n t e r f a c e s ,  and  Spacelab and IUS systems monitor ing and f l i g h t  
c o n t r o l .  

The payload and  o p e r a t i o n s  suppor t  a c t i v i t y  c o n s i s t s  of two major e f f o r t s ;  O r b i t a l  F l i g h t  T e s t  (OFT) Payload 
I n t e g r a t i o n  and t h e  Payload Operat ions Cont ro l  Center (POCC). The O r b i t a l  F l i g h t  T e s t  Payload I n t e g r a t i o n  provides  f o r  
t h e  i n t e g r a t i o n  of  payloads on t h e  OFT f l i g h t s .  The POCC, t o  b e  l oca t ed  a t  t h e  Johnson Space Center ,  w i l l  p rov ide  
f a c i l i t i e s  f o r  command and c o n t r o l  of Shut t le /Space lab  a t t a c h e d  payloads. 

STS o p e r a t i o n s  e f f e c t i v e n e s s  i nvo lves  developing ways t o  improve t h e  o p e r a t i o n a l  performance of t h e  STS i n  t h e  
fo l lowing  a r e a s :  
and management procedures .  

v e h i c l e  hardware, v e h i c l e  tu rnaround/cargo  p roces s ing ,  system sof tware  au tomat ion ,  miss ion  o p e r a t i o n s ,  
These a r e a s  w i l l  b e  ana lyzed  t o  i d e n t i f y  cand ida t e  improvements f o r  funding p r i o r i t y .  

The So l a r  E l e c t r i c  Propuls ion  System (SEPS) i s  a n  i o n  p ropu l s ion  upper s t a g e  which w i l l  b e  used t o  enhance t h e  
c a p a b i l i t i e s  of t h e  Space T ranspo r t a t i on  System (STS). 
t r i p  t i m e  and /o r  i n c r e a s e  t h e  amount o r  s i z e  of s c i e n t i f i c  i n s t rumen t s  c a r r i e d  on board  t h e  s p a c e c r a f t .  Performance 
augmentat ion s t u d i e s  w i l l  con t inue  t o  look  a t  improved S h u t t l e  p e r f o r m n c e  c a p a b i l i t y  op t i ons .  
neces sa ry  f o r  c e r t a i n  miss ions  f l y i n g  out  of Vandenberg Air Force Base (VAFB) and  t o  accomodate new payloads and new 
space  u t i l i z a t i o n  concepts .  

SEPS i s  designed f o r  h igh  energy p l a n e t a r y  miss ions  t o  reduce 

Improved performance i s  

CHANGES FROM FY 1981 BUDGET ESTIMA'JX: 

The STS o p e r a t i o n s  c a p a b i l i t y  development estimate changes a r e  expla ined  w i t h i n  each p r o j e c t .  

BMIS FOR FY 1982 ESTIMATES: 

FY 1982 funding f o r  t h e  Mult imission and Payload Support Equipment i s  r equ i r ed  f o r  development, i n i t i a l  t e s t i n g  and  
o r b i t e r  i n s t a l l a t i o n  of Mult imission and Payload Support Equipment such a s  t h e  se l f- conta ined  payload c o n t a i n e r s ,  
m i s s ion  k i t s  and  payload s p e c i a l i s t  s t a t i o n .  Tes t ing  of t h e  t r a c e  g a s  a n a l y z e r  and t h e  f i r s t  set of cargo  i n t e g r a t i o n  
and test equipment w i l l  b e  completed. FY 1982 funds  w i l l  a l s o  provide  f o r  t h e  cont inued des ign  of t h e  mixed cargo  
hardware and  cargo  i n t e g r a t i o n  and test equipment d u a l  c a p a b i l i t y .  
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Upgrading t h e  Mission Cont ro l  Center  (Level  11 )  w i l l  con t inue  dur ing  FY 1982, w i th  accomplishment of t h e  t h r ee- veh ic l e  
de s ign  r e v i e w  and achievement of t h e  s i n g l e  o p e r a t i o n s  c a p a b i l i t y .  
i nc lud ing  communication i n t e r f a c e  equipment. 

Funds will b e  r equ i r ed  f o r  procurement of hardware 

Recon f igu ra t i on  so f twa re  development, a s  w e l l  a s  de s ign ,  checkout ,  and t e s t i n g  of t h e  t r a j e c t o r y ,  t e l eme t ry  and 
command so f twa re  systems w i l l  con t inue .  

FY 1982 funds  w i l l  b e  used t o  con t inue  t o  work toward t h e  complet ion of t h e  checkout and t e s t i n g  of t h e  POCC i n  
support  of t h e  o p e r a t i o n a l  f l i g h t  schedule  requi rements  and f o r  ope ra t i on  of t h o s e  p a r t s  of t h e  POCC which w i l l  suppor t  
t h e  o r b i t a l  f l i g h t  test miss ion  payloads.  
t h e  i n t e g r a t i o n  and  handling of payloads f o r  t h e  OFT miss ions  i n  1982. 

O r b i t a l  F l i g h t  T e s t  Payload I n t e g r a t i o n  funding i n  FY 1982 i s  r equ i r ed  f o r  

FY 1982 funding w i l l  b e  used t o  i n i t i a t e  d e s i g n  and development of improvements t o  t h e  Space T ranspo r t a t i on  System t o  
ach i eve  o p e r a t i o n a l  and cos t  e f f e c t i v e n e s s .  
s t a g e  f a c i l i t y  p a t h f i n d e r s ,  improvement of t h e  ca rgo  i n t e g r a t i o n  test  equipment,  and r o t a t i n g  service s t r u c t u r e  
i n t e r f a c e ,  systems so f twa re  a u t o m t i o n ,  and v a r i o u s  v e h i c l e  hardware improvements. 
s t u d i e s  which focus  on e f f i c i e n t  and cos t  e f f e c t i v e  modes of ope ra t i ng  t h e  Space T ranspo r t a t i on  System. 

A r e a s  c u r r e n t l y  i d e n t i f i e d  i nc lude  s t anda rd i zed  payload i n t e r f a c e s ,  upper 

I n  a d d i t i o n ,  funds w i l l  b e  used f o r  

1981 1982 
1980 Budget Current Budg et  

A c t u a l  E s t  i m  t e E s t i m a t e  E s t  i m  t e 
(Thousands of D o l l a r s )  

Space T ranspo r t a t i on  System (STS) Upper Stages..  . . . . . . . 18,300 29,000 31,000 60,000 

OBJECTIVES AND STATUS: 

The STS upper s t a g e s  a r e  r equ i r ed  t o  deploy Shutt le- launched payloads t o  o r b i t s  no t  a t t a i n a b l e  by  t h e  S h u t t l e  a lone .  
These s t a g e s  a r e  t h e  I n e r t i a l  Upper Stage (IUS) and t h e  Spinning So l id  Upper S tages  (SSUS). 

The IUS i s  be ing  developed under a Department of Defense c o n t r a c t ,  t o  m e e t  upper s t a g e  requi rements  f o r  heavy payloads 
t o  b e  p laced  i n  h igh  Ear th  o r b i t  wi th  a modif ied v e r s i o n  be ing  developed t o  m e e t  p l a n e t a r y  miss ion  requirements .  
p l a n s  and  p o s s i b l e  op t i ons  f o r  meeting p l a n e t a r y  miss ion  requirements  a r e  p r e s e n t l y  under review,  p r i m a r i l y  because  of  
r ev i s ed  c o s t  e s t i m a t e s  r e c e n t l y  rece ived  from t h e  c o n t r a c t o r .  

The 

This  review i s  expected t o  b e  completed i n  e a r l y  1981. 

The IUS payload c a p a b i l i t y  exceeds t h e  c a p a b i l i t y  needed by many geosynchronous payloads us ing  today 's  expendable 
The SSUS i s  be ing  developed commercially f o r  t h e s e  smaller payloads i n  two weight c l a s s e s .  launch v e h i c l e s .  The Delta 
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c l a s s ,  SSUS-D, w i l l  b e  capab l e  of i n j e c t i n g  up t o  2,750-pound payloads i n t o  geosynchronous t r a n s f e r  o r b i t .  The At las -  
Centaur c l a s s ,  SSUS-A, will b e  capable  of i n j e c t i n g  4,400-pound payloads i n t o  t h e  same o r b i t .  Spacecraf t  apogee motors 
p l a c e  t h e  s p a c e c r a f t  (1 ,400 and 2,250 pounds r e s p e c t i v e l y  f o r  SSUS-D and SSUS-A) i n t o  f i n a l  geosynchronous o r b i t .  The 
SSUS-A and  SSUS-D o f f e r  launch economies t o  t h e  u se r  community. 
p h y s i c a l  and  f u n c t i o n a l  i n t e r f a c e s  f o r  payloads and f a c i l i t a t e  a n  e a r l y  and o r d e r l y  t r a n s i t i o n  from t h e  cu r r en t  
expendable launch  v e h i c l e s  t o  t h e  o p e r a t i o n a l  STS. Two SSUS-A's o r  f o u r  SSUS-D's w i th  t h e i r  s p a c e c r a f t  can b e  flown on 
a single S h u t t l e  f l i g h t .  As  a r e s u l t ,  t h e  launch  c o s t s  t o  t h e  u s e r  can b e  s i g n i f i c a n t l y  reduced. The SSUS emphasis i s  
on s e r v i c i n g  t h e  commercial spacec ra f t  u se r  and h i s  requirements .  

These r e l a t i v e l y  low c o s t  upper s t a g e s  have s imple  

The zommercial development of t h e  SSUS-A and SSUS-D by  t h e  McDonnell Douglas Corpora t ion  i s  proceeding on schedule  t o  
m e e t  a n t i c i p a t e d  launch requirements .  
M a t e r i a l s  and  components have been  procured,  and  most e lements  a r e  manufactured and ready f o r  assembly. 
development and q u a l i f i c a t i o n  has been  completed. 
SSUS-A motor b u r n  and  means f o r  s u i t a b l e  a t t e n u a t i o n  were completed i n  September. 
t h e  p r i n c i p a l  SSUS development a c t i v i t y  dur ing  1980 and w i l l  con t inue  through FY 1981. 
s p a c e c r a f t  was s u c c e s s f u l l y  launched i n  November 1980 on board  a Delta  expendable launch v e h i c l e  u t i l i z i n g  a Delta  
payload a s s i s t  module (which i s  t h e  SSUS-D c o n f i g u r a t i o n  used wi th  t h e  Delta expendable launch v e h i c l e ) .  

The des ign  has been  completed and c r i t i c a l  de s ign  reviews accomplished. 
SSUS-D motor 

The q u a l i f i c a t i o n  program has  been  
Tes t ing  t o  determine t h e  s p a c e c r a f t  v i b r a t i o n  environment induced b y  

A S a t e l l i t e  Business System 

CHANGES FROM FY 1981 BUDGET ESTIMATES: 

The c u r r e n t  N 1981 e s t i m a t e  i s  based  on t h e  requirement  f o r  cont inu ing  t h e  I U S  development a s  understood a t  t h e  
beginning of FY 1981. 
de s ign  changes,  p r i m a r i l y ,  t h e  de s ign  change requirement  f o r  t h r ee- ax i s  s t a b i l i z a t i o n  of t h e  I U S  t h i r d  s t a g e  v e r s u s  t h e  
s p i n  s t a b i l i z a t i o n  b a s e l i n e  p l an  f o r  NASA p l a n e t a r y  missions.  
t h e  development c o n t r a c t o r ,  p l a n s  f o r  t h e  IUS and p o s s i b l e  a l t e r n a t i v e s  f o r  h igh  energy miss ions  a r e  under review. 
Resu l t s  a r e  not  expected u n t i l  e a r l y  1981. 

I nc rea se s  Over t h e  FY 1981 budget  e s t imte  r e s u l t e d  from continued I U S  development problems and 

A s  a r e s u l t  of a r ecen t  r e v i s i o n  of es t imated  c o s t s  b y  

BASIS OF FY 1982 BUDGET ESTIMATE: 

FY 1982 STS upper s t a g e s  funding i s  r equ i r ed  t o  suppor t  t h e  development of  a NASA-unique c a p a b i l i t y .  The FY 1982 
es t imte  of $60 m i l l i o n  i s  based  on requirements  f o r  cont inu ing  t h e  I U S  development and s p e c i f i c  p l ans  and requirements  
w i l l  b e  s u b j e c t  t o  t h e  r e s u l t s  of t h e  review c u r r e n t l y  i n  progress .  
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1981 1982 
1980 Budget Current  Budget 

Actual  E s t  ima t e E s t i m a t e  E s t  i m a  t e 
(Thousands of D o l l a r s )  

Mult imission and Payload Support equipment.. . . . . . . . . . . . 9,600 13,000 16,500 17,700 

OBJECTIVES AHD STIpTcIS: 

Mult imiss ion  and payload support  equipment c o n s i s t s  of equipment r equ i r ed  t o  i n t e g r a t e  and check out  payload e lements ,  
and a c l a s s  of ground and f l i g h t  hardware t h a t  w i l l  p rov ide  a n  i n t e r f a c e  between payloads and elements  of t h e  Space 
T ranspo r t a t i on  System (STS). These requi rements  can  b e  s a t i s f i e d  more economically from a s t anda rd  equipment i nven to ry  
t h a n  by  i n d i v i d u a l  payload u se r s .  This  r e u s a b l e  equipment i s  be ing  developed t o  i n t e g r a t e ,  check o u t ,  t r a n s p o r t ,  and 
o p e r a t e  a wide range  of a p p l i c a t i o n s ,  s c i e n c e ,  and  technology payloads.  

Examples of t h i s  t y p e  of s t anda rd i zed  equipment a r e :  

(1) Payload T ranspo r t a t i on  Equipment: I n t r a s i t e  payload equipment i s  be ing  developed f o r  u se  a t  t h e  launch s i t e  t o  
t r a n s p o r t  ca rgoes  t o  and from t h e  S h u t t l e  o r b i t e r .  Ground and f l i g h t  t r a n s p o r t a t i o n  equipment w i l l  a l s o  b e  used f o r  
cross- country t r a n s p o r t a t i o n  of payloads ( r e g u l a r  and o u t s i z e d )  t o  and from t h e  Kennedy Space Center  and  t h e  Western 
Space and Missile Center.  

(2) Payload S p e c i a l i s t  S t a t i o n  Equipment: This  equipment i s  r equ i r ed  t o  conduct payload o p e r a t i o n s  from t h e  
o r b i t e r ' s  a f t  f l i g h t  deck. A concept u t i l i z i n g  e x i s t i n g  technology h a s  been  de f ined  and w i l l  s a t i s f y  t h e  ma jo r i t y  of 
payload f u n c t i o n a l  comtmnd and d i s p l a y  requi rements ,  a s  w e l l  a s  mixed cargo  i n t e g r a t i o n  and o p e r a t i o n s  on e a r l y  STS 
missions.  This  approach w i l l  minimize t h e  need f o r  payload-unique equipment and o p e r a t i o n a l  changeout t i m e .  

( 3 )  Mixed CarRo Support Equipment: This  equipment w i l l  p rov ide  maximum f l e x i b i l i t y  f o r  mixing cargoes  i n  t h e  o r b i t e r  
bay ,  a s  w e l l  a s  decreas ing  i n s t a l l a t i o n  and checkout t i m e .  The use  of i d e n t i c a l  equipment f o r  d i f f e r e n t  payload 
c o n f i g u r a t i o n s  w i l l  a l l o w  s imple  crew i n t e r f a c e  and t r a i n i n g .  Examples of t h i s  equipment i n c l u d e  s t anda rd  c a b l e  
ha rnes se s  which w i l l  a l l o w  command and da ta  feedback s imul taneous ly  f o r  up t o  f o u r  payloads i n  t h e  o r b i t e r  cargo bay;  
and t iming b u f f e r s  which w i l l  p rov ide  v a r i o u s  t i m e  s i g n a l s  t o  t h e  Shut t le- at tached  payloads wh i l e  t hey  a r e  a c t i v e .  

( 4 )  F l e x i b l e  Multiplexer/Demultiplexer: The f l e x i b l e  mu l t i p l exe r  w i l l  combine t h e  o r b i t e r  da ta  s t ream and up t o  f i v e  
s e p a r a t e  payload t e l eme t ry  o r  command da t a  streams i n t o  a s i n g l e  ou tput  s i g n a l .  The f u n c t i o n  of t h e  f l e x i b l e  
demul t ip lexer  i s  t o  s e p a r a t e  t h e  combined da t a  s i g n a l ,  e i t h e r  t e l eme t ry  o r  command, back  i n t o  t h e  a p p r o p r i a t e  o r b i t e r  o r  
payload da t a  streams. 
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(5) Cargo I n t e g r a t i o n  and T e s t  Equipment (CITE): This  equipment i s  used t o  i n t e g r a t e  and check out  payload elements  
a s  t h e y  a r e  assembled i n t o  a complete cargo  t o  b e  flown on t h e  space  t r a n s p o r t a t i o n  system. 
c o m p a t i b i l i t y  of t h e  ca rgo  t o  S h u t t l e  i n t e r f a c e s ,  and  a s s u r e  that cargo  elements  do not  i n t e r f e r e  w i th  each o t h e r .  

C I T E  w i l l  v e r i f y  t h e  

(6) Trace Cas Analyzer: The t race g a s  a n a l y z e r  system w i l l  perform i n- f l i g h t  monitor ing of t h e  agg rega t e  
" of fgass ing"  c o n s t i t u e n t s  from payloads and  metabol ic  sou rce s  i n  t h e  Spacelab p r e s s u r i z e d  module. 
subsystems c o n s i s t  of a g a s  c h r o m t o g r a p h i c  column t o  d e t e c t  t h e  presence  of a n  a tmospher ic  subs tance  and a mass 
spec t rometer  t o  measure t h e  concen t r a t i on  of each  of  t h e  a tmospher ic  c o n s t i t u e n t s .  

I t s  primary 

(7 )  N s s i o n  Kits: The mission k i t s  c o n s i s t  of s t anda rd  and Opt iona l  f l i g h t  hardware designed t o  extend t h e  
c a p a b i l i t i e s  of t h e  payload and  o r b i t e r  t o  suppor t  t h e  miss ion  a s  d i c t a t e d  b y  t h e  payload requi rements .  
t h e s e  i t ems  a re  se l f- conta ined  payload c o n t a i n e r s  and n i t r o g e n  tanks .  

Examples of 

I n  1981, manufacture of mul t imiss ion  and payload suppor t  equipment such a s  t h e  i n t e r s i t e  t r a n s p o r t a t i o n  equipment and 
t h e  t race g a s  a n a l y z e r  w i l l  b e  completed. Other a c t i v i t i e s  i nc lude  a c t i v a t i o n  of t h e  f i r s t  set of cargo  i n t e g r a t i o n  and  
test equipment; i n i t i a l  de s ign  and development of t h e  d u a l  C I T E  c a p a b i l i t i e s ;  cont inued  des ign  of t h e  mixed cargo  
hardware, m i s s ion  k i t  equipment and t h e  s e l f- con ta ined  payload c o n t a i n e r s ;  and cont inued development of t h e  payload 
spec  i a  1 i s  t s ta  t ion .  

CHANGES FROM FY 1981 BUDGET ESTIMA'JX: 

The mu l t im i s s ion  and payload suppor t  equipment e s t i m a t e  f o r  FY 1981 h a s  been  i nc rea sed  because  of t h e  r ebase l i ned  
t r a c e  g a s  a n a l y z e r  system, t h e  i nc r ea sed  requi rements  of t h e  b a s i c  and d u a l  cargo  i n t e g r a t i o n  and test  equipment,  and  
s tuden t  experiments .  

BASIS OF FY 1982 ESTIMATE: 

FY 1982 funds  a r e  r equ i r ed  f o r  development,  i n i t i a l  t e s t i n g  and o r b i t e r  i n s t a l l a t i o n  of mul t imiss ion  and payload 
suppor t  equipment such a s  t h e  se l f- conta ined  payload c o n t a i n e r s ,  miss ion  k i t s ,  and payload s p e c i a l i s t  s t a t i o n .  Tes t ing  
of t h e  t r a c e  g a s  a n a l y z e r  and t h e  f i r s t  set of  c a rgo  i n t e g r a t i o n  and test equipment w i l l  b e  completed. FY 1982 funds  
w i l l  a l s o  p rov ide  f o r  t h e  cont inued des ign  of t h e  mixed cargo hardware and cargo  i n t e g r a t i o n  and test equipment 
c a p a b i l i t y  . 
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1981 1982 
1980 Budget Current Budget 

Actual  E s t  i m  t e E s t  i m  t e Estimte 
(Thousands of D o l l a r s )  

15,800 15,800 24,800 Mission Cont ro l  Center (MCC) Upgrading (Level 11). . . . . . 12,900 

OBJECTIVES AND STATUS: 

Mission Cont ro l  Center  (MCC) Upgrading (Level 11) i s  t h e  r e c o n f i g u r a t i o n  of t h e  Johnson Space Center  (JSC) Mission 
Cont ro l  Center t o  suppor t  t h e  STS o p e r a t i o n a l  f l i g h t  schedule  requirements .  
must b e  a u t o m t e d  t o  support  t h e  f l i g h t  r a t e .  MCC Level I ,  funded under t h e  S h u t t l e  development program, p rov ides  
hardware and so f twa re  t o  con f igu re  t h e  MCC t o  suppor t  S h u t t l e  development f l i g h t s .  
will r e q u i r e  a d d i t i o n a l  f l i g h t  c o n t r o l  rooms, suppor t  rooms, hardware and so f twa re  t o  accommodate two simultaneous 
o r b i t e r  m i s s ions ,  a ground test o r  s imu la t i on  network, d u a l  launch s i t e  i n t e r f a c e s ,  and Spacelab and IUS systems 
monitor ing and f l i g h t  con t ro l .  

F l i gh t- to- f l i gh t  r e c o n f i g u r a t i o n  of t h e  MCC 

The MCC during t h e  o p e r a t i o n a l  e r a  

Upgrading t h e  Mission Cont ro l  Center  (Level 11) a t  JSC w i l l  con t inue  i n  FY 1981 wi th  t h e  complet ion of d e t a i l e d  
Development and implementat ion f o r  d u a l  v e h i c l e  command and systems des ign  f o r  d u a l  v e h i c l e  command and c o n t r o l .  

c o n t r o l  w i l l  p rog re s s  towards i n i t i a l  o p e r a t i o n a l  c a p a b i l i t y .  
planning system 11, c o n s i s t i n g  of f l i g h t  de s ign  and crew a c t i v i t y  planning e lements ,  w i l l  b e  ach ieved  i n  support  of 
e a r l y  f l i g h t  r a t e  requirements .  

Development complet ion and i n i t i a l  t e s t i n g  of t h e  f l i g h t  

BA!XS FOR FY 1982 ESTIMATE: 

Upgrading t h e  Mission Control  Center  (Level 11) w i l l  con t inue  dur ing  FY 1982, w i th  accomplishment of t h e  t h r ee- veh ic l e  
de s ign  review and a c h i w e n t  of t h e  s i n g l e  o p e r a t i o n s  c a p a b i l i t y .  
i nc lud ing  communication i n t e r f a c e  equipment. 

Funds w i l l  b e  r equ i r ed  f o r  procurement of hardware 

Recon f igu ra t i on  so f twa re  development, a s  w e l l  a s  de s ign ,  checkout ,  and t e s t i n g  of t h e  t r a j e c t o r y ,  t e l e m e t r y ,  and 
command so f twa re  systems w i l l  con t inue .  
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1981 1982 
1980 Budget Current Budget 

Actual Est imate E s t  i m a  t e Est imate 
(Thousands of D o l l a r s )  

Payload and Operat ions Support.  .. .. . . ... . ... . . . ..... . .. 10,900 11,200 7,700 10,700 

OBJECTIVES AND STATUS: 

The Payload and Opera t ions  Support a c t i v i t y  c o n s i s t s  of two major a r e a s  of e f f o r t :  Payload Opera t ions  Cont ro l  Center  
(POCC) and  O r b i t a l  F l i gh t  Test (OFT) payload i n t e g r a t i o n .  

The POCC, t o  b e  l oca t ed  a t  t h e  Johnson Space Center  (JSC), w i l l  p rov ide  f o r  commnd and c o n t r o l  of a t t a c h e d  payloads 
that o p e r a t e  i n  t h e  S h u t t l e  and Spacelab. It w i l l  o p e r a t e  i n  conjunc t ion  w i th  t h e  JSC Mission Cont ro l  Center.  Funding 
i s  r equ i r ed  f o r  t h e  a c q u i s i t i o n  of computers,  d i s p l a y s ,  communication l i n k s ,  and  a s s o c i a t e d  sof tware .  

I n  FY 1981, development of hardware and sof tware  systems f o r  t h e  POCC a t  JSC w i l l  con t inue  i n  o rde r  t o  a l l o w  payload 
c o m n d  and c o n t r o l  and some real- time da t a  r e v i e w  and a n a l y s i s ,  and a n a l y t i c a l  i n t e g r a t i o n  a c t i v i t i e s  w i l l  b e  completed 
f o r  t h e  o r b i t a l  f l i g h t  tes t  payloads. 

The OFT payload i n t e g r a t i o n  provides  f o r  t h e  i n t e g r a t i o n  of payloads on t h e  OFT f l i g h t s .  The a c t i v i t i e s  i n c l u d e  
management i n t e g r a t i o n  such a s  p lanning ,  schedul ing ,  and coord ina t ing  a l l  e lements ;  i n t e r f a c e  d e f i n i t i o n  i n  
environmental ,  s t r u c t u r a l  and thermal  a r e a s ;  s a f e t y  a n a l y s i s ;  hardware i n t e g r a t i o n ;  f l i g h t  suppor t ;  and dwelopment of 
t h e  i n t e r f a c e  c o n t r o l  document. The FY 1981 funds w i l l  con t i nue  t o  suppor t  conceptua l  f l i g h t  p lanning ,  launch s i te  
p lanning ,  and  thermal  and l oads  a n a l y s i s  f o r  payloads t o  b e  flown on t h e  S h u t t l e  o r b i t a l  f l i g h t  tes t  miss ions .  

CHANGES FROM FY 1981 BUDGET ESTIMATE: 

The POCC estimate f o r  FY 1981 h a s  been  rephased t o  b e  c o n s i s t e n t  w i th  t h e  c u r r e n t  l aunch  r e a d i n e s s  d a t e  f o r  Spacelab- 
2. The o p e r a t i o n  management support  s t u d i e s  w e r e  d e l e t e d  from t h e  FY 1981 budget .  

B U I S  OF FY 1982 ESTIMATE: 

FY 1982 funds  w i l l  b e  used t o  con t inue  t o  work toward t h e  complet ion of t h e  checkout and t e s t i n g  of t h e  Payload 
Operat ions Cont ro l  Center i n  suppor t  of t h e  o p e r a t i o n a l  f l i g h t  schedule  requi rements  and f o r  ope ra t i on  of t hose  p a r t s  o f  
t h e  POCC which w i l l  suppor t  t h e  OFT mis s ion  payloads.  OFT payload i n t e g r a t i o n  funding i n  FY 1982 i s  r equ i r ed  f o r  t h e  
i n t e g r a t i o n  and  handling of payloads f o r  t h e  OFT miss ions  i n  1982. 
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1981 
1980 Budget Current 

Actual  E s t  i m a  t e E s t  i m a  t e 
(Thousands of D o l l a r s )  

1982 
Budget 

E s t  i m a  t e 

Space T ranspo r t a t i on  System Operat ions E f f ec t i venes s . .  . --- --- --- 10,000 

OBJECTIVES AND STATUS: 

E f f e c t i v e  u t i l i z a t i o n  of t h e  space  t r a n s p o r a t i o n  system (STS) i s  neces sa ry  t o  meet f u t u r e  o p e r a t i o n a l  requi rements  and  
t o  provide  services a t  t h e  lowest  cos t  pos s ib l e .  E f f e c t i v e  u t i l i z a t i o n  i s  advanced through a n a l y s i s ,  de s ign ,  deirelop- 
ment, and  procurement a c t i v i t i e s  ded i ca t ed  t o  improving t h e  c a p a b i l i t y  and o v e r a l l  performance of t h e  STS. S i g n i f i c a n t  
p o t e n t i a l  e x i s t s  f o r  improvement of o p e r a t i o n a l  performance of t h e  STS i n  t h e  a r e a s  of v e h i c l e  hardware, v e h i c l e  
tu rnaround/cargo  process ing ,  system so f twa re  au tomat ion ,  miss ion  o p e r a t i o n s ,  and  management procedures .  Improvement 
w i l l  b e  accomplished by tak ing  advantage of advances i n  e l e c t r o n i c s ,  e lec t romechanica l  dev i ce s ,  p ropu l s ion ,  l o g i s t i c s ,  
so f twa re ,  v e h i c l e  process ing ,  and management techniques .  

Beginning i n  1982, STS o p e r a t i o n s  e f f e c t i v e n e s s  w i l l  i d e n t i f y  improvements t o  v e h i c l e  hardware and t h e  e x i s t i n g  
o p e r a t i o n a l  p r o c e d u r e s f p o l i c i e s  and w i l l  implement e f f o r t s  toward ach iev ing  o p e r a t i o n a l  e f f e c t i v e n e s s .  
aforementioned a r e a s  i n  which improvements i n  e f f e c t i v e n e s s  would p o t e n t i a l l y  b e n e f i t  t h e  STS w i l l  b e  ana lyzed  t o  
i d e n t i f y  a r e a s  f o r  funding p r i o r i t y .  

The 

BASIS FOR 1952 ESTIMATE: 

FY 1982 funding w i l l  b e  used t o  i n i t i a t e  de s ign  and development of improirements t o  t h e  STS t o  a c h i e v e  o p e r a t i o n a l  
e f f e c t i v e n e s s .  A r e a s  c u r r e n t l y  i d e n t i f i e d  i n c l u d e  s t anda rd i zed  payload i n t e r f a c e s ,  upper s t a g e  f a c i l i t y  p a t h f i n d e r s ,  
imprwement of  t h e  cargo  i n t e g r a t i o n  test  equipment, and r o t a t i n g  s e r v i c e  s t r u c t u r e  i n t e r f a c e ,  systems so f twa re  
au tomat ion ,  and a l i s t  of approximate ly  f i f t y  v e h i c l e  hardware improvements. I n  a d d i t i o n ,  funds  w i l l  b e  used f o r  
s t u d i e s  which focus  on e f f i c i e n t  and cos t  e f f e c t i v e  modes of ope ra t i ng  t h e  STS. 
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1980 
Actual  

1981 1982 
Budget Current  Budget 

Es t imate  E s t  ima t e E s t  i m a  t e 
(Thousands of D o l l a r s )  

18,000 So la r  E l e c t r i c  Propuls ion  System....................... --- --- 7,000 

OBJECTIVES Am STATUS: 

The S o l a r  Electr ic  Propuls ion  System (SEPS) i s  a n  upper s t a g e  t o  b e  used t o  augment t h e  c a p a b i l i t i e s  of t h e  space  
t r a n s p o r t a t i o n  system (STS).  The SEPS conve r t s  s o l a r  energy i n t o  i o n  p ropu l s ion  f o r  a major advance i n  space  
propuls ion .  SEPS i s  r equ i r ed  f o r  a range  of advanced p l a n e t a r y  and  Ea r th  o r b i t  miss ions .  P l ane t a ry  miss ions  w i l l  
b e n e f i t  from SEPS c a p a b i l i t i e s  i n  terms of improvements i n  f l i g h t  t r a j e c t o r i e s ,  long d u r a t i o n  maneuvering c a p a b i l i t i e s  
€ o r  rendevous w i th  p l a n e t s  and o t h e r  b o d i e s  of t h e  s o l a r  system, and from a widening of launch  windows which c u r r e n t l y  
l i m i t  t h e  conduct of p l a n e t a r y  missions.  The SEPS w i l l  a l s o  provide  a major i n c r e a s e  i n  c a p a b i l i t i e s  f o r  t r a n s p o r t a t i o n  
t o  a geosynchronous o r b i t .  

The technology suppor t ing  SEPS h a s  been  i n  development s i n c e  t h e  l a t e  1960's. Key e lements  such a s  t h e  s o l a r  a r r a y s ,  
power p roces so r s  and i o n  t h r u s t e r s ,  have been  t e s t e d  and demonstrated t o  m e e t  performance and weight o b j e c t i v e s .  L i f e  
tes ts  a r e  progress ing  w e l l  and w i l l  con t i nue  f o r  approximate ly  a n o t h e r  year .  

The FY 1980 compe t i t i ve  s t u d i e s ,  funded i n  t h e  advanced programs a r e a ,  have e s t a b l i s h e d  b a s e l i n e  c o n f i g u r a t i o n s  
r equ i r ed  t o  m e e t  miss ion  requi rements ,  and  have i d e n t i f i e d  c r i t i c a l  de s ign  c h a r a c t e r i s t i c s ,  and  p o t e n t i a l  problem 
a r e a s .  These program d e f i n i t i o n  s t u d i e s  w i l l  b e  completed i n  e a r l y  FY 1981 and w i l l  e s t a b l i s h  implementat ion p l ans  and  
requirements .  The program w i l l  proceed i n t o  t h e  development phase i n  FY 1981. A r eques t  f o r  development p roposa l s  w i l l  
b e  i s s u e d ,  a s i n g l e  c o n t r a c t o r  w i l l  b e  s e l e c t e d ,  and i n i t i a l  development a c t i v i t i e s  w i l l  b e  s t a r t e d  i n  FY 1981. 

CHANGES FROM PP 1981 BUDGET ESTIMATE: 

The FY 1981 c u r r e n t  estimate of  $ 7 . 0  m i l l i o n  r e f l e c t s  Congressional  a c t i o n  t o  provide  funds t o  permit  undertaking SEPS 
d e t a i l  de s ign  and development i n  FY 1981. 
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BASIS OF FY 1982 ESTIHATE: 

The FY 1982 funding w i l l  p rov ide  f o r  c o n t i n u a t i o n  of t h e  SEPS development a c t i v i t i e s  on a schedule  paced t o  support  
i n i t i a l  f l i g h t  r e a d i n e s s  i n  1986. 
t i m e  hardware and m a t e r i a l s ,  f i n a l i z e s  spacecraft- to-SEPS, and SEPS-to-STS i n t e r f a c e s  requirements .  
ment review w i l l  b e  conducted i n  FY 1982 and t h e  p r e l im ina ry  de s ign  review w i l l  occur  i n  l a t e  FY 1982 o r  e a r l y  1983. 

FY 1982 funding con t inues  t h e  system and subsystem des ign  p roces s ,  p rocures  long l e a d  
The system r equ i r e-  

1981 1982 
1980 Budget Current Budget 

E s t i m a t e  E s t  i m  t e E s t i m a t e  
(Thousands of D o l l a r s )  

Actual  

Performance Augmentation Studies....................... 2,400 10,000 3,000 5,000 

OBJECTIVE AND STATUS: 

A s  S h u t t l e  development has progressed ,  i t  ha s  become c l e a r  that t h e  r equ i r ed  payload c a p a b i l i t y  may not  b e  s u f f i c i e n t  
f o r  c e r t a i n  important  miss ions  t o  b e  launched p r i m a r i l y  from t h e  Vandenberg Air Force Base (VAFB). 
r e s u l t s  p r i m a r i l y  from i n c r e a s e s  i n  o r b i t e r  weight a s  a r e s u l t  of de s ign  and equipment changes. 
programs scheduled f o r  e a r l y  STS o p e r a t i o n a l  f l i g h t s  from VAFB can b e  accommodated by t h e  S h u t t l e  w i th  c u r r e n t l y  
p ro j ec t ed  performance c a p a b i l i t y  by  l i m i t i n g  c e r t a i n  single payloads t o  that c a p a b i l i t y ,  b y  r e s t r i c t i n g  t h e  t o t a l  ca rgo  
weight f o r  m u l t i p l e  payload mi s s ions ,  and by l i m i t i n g  t h e  experiment weights  and /o r  d u r a t i o n s  of Spacelab miss ions .  
However, t h e s e  l i m i t a t i o n s  reduce  cos t  e f f e c t i v e n e s s  and  prevent  f u l l  u t i l i z a t i o n  of t h e  d e s i g n  p o t e n t i a l  of t h e  STS and 
i t s  new and unique c a p a b i l i t i e s .  Addi t iona l  performance i s  necessary  t o  ensure  t h a t  t h e  f u l l  STS payload deployment 
c a p a b i l i t y  of 32,000 pounds and r e t r i e v a l  c a p a b i l i t y  of 25,000 pounds can  b e  ach ieved  f o r  t h e  98 deg ree  i n c l i n a t i o n ,  150 
n a u t i c a l  m i l e  c i r c u l a r  miss ion  launched from VAFB. The cu r r en t  p ro j ec t ed  c a p a b i l i t y  i s  not s u f f i c i e n t  t o  perform t h i s  
mission.  Consequently, i t  i s  important  t o  t h e  f u t u r e  n a t i o n a l  space  c a p a b i l i t y  tha t  performance augmentat ion b e  de- 
veloped  and  made a v a i l a b l e  t o  support  payload requirements  which e x p l o i t  t h e  f u l l  c a p a b i l i t y  of t h e  STS. 
estimate w i l l  permit  augmentat ion of STS t o  meet a l l  de s ign  and performance requi rements  and o f f e r s  t h e  p o t e n t i a l  t o  
accommodate payload growth, new payloads ,  and new concepts .  

This d e f i c i e n c y  
Approved payload 

The FY 1982 

NASA performed p re l imina ry  e v a l u a t i o n s  of a l t e r n a t i v e  p e r f o r m n c e  augmentat ion concepts  dur ing  1979 and 1980 wi th  t h e  
o b j e c t i v e  of a ch i ev ing  t h i s  c a p a b i l i t y  by  mid-1985. 
minimum development r i s k  and STS impact was a concept of s o l i d  rocke t  motor s t rap- ons  t o  t h e  So l id  Rocket Booster  (SRB) 
and /o r  t h e  External Tank (ET), and a l i q u i d  rocke t  engine  package placed under t h e  ET. 
d a t e ,  t h i s  L iquid  Boost Module (LBM) concept f o r  STS performance augmentat ion was adopted a s  t h e  b a s e l i n e  concept f o r  

The most promising of t h e s e  a l t e r n a t i v e s  from t h e  s tandpoin t  of 

Based on t h e  1985 o b j e c t i v e  
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f u r t h e r  s tudy .  The LBM concept would employ e x i s t i n g  T i t a n  engines  and tankage,  modif ied  a s  r e q u i r e d ,  t o  b e  mounted 
under t h e  ET. The o b j e c t i v e  d a t e  f o r  f u l l  c a p a b i l i t y  a t  VAFB has been extended u n t i l  1986 a l lowing  f o r  c o n s i d e r a t i o n  o f  
o t h e r  p e r f o r m n c e  augmentat ion o p t i o n s  wi th  longer  development l e a d  t i m e s  such a s  u p r a t i n g  t h e  main engines  (SSME’s) t o  
t h e  range  of 115 percent  of Rated Power Level (RPL) f o r  nominal o p e r a t i o n ,  and S o l i d  Socket Motor (SRM) f i lament  wound 
c a s e  segments. 
d e t a i l  dur ing  N 1981 and N 1982 t o  a l l o w  concept s e l e c t i o n  f o r  a mid-1986 o b j e c t i v e  date. 

These cand ida te  o p t i o n s  and combinations of o p t i o n s ,  i n c l u d i n g  t h e  LBM concep t ,  w i l l  b e  s t u d i e d  i n  

FY 1981 work i n c l u d e s  systems eng ineer ing  tests and wind t u n n e l  and model t e s t s ,  s t r u c t u r a l  and aerodynamic l o a d s  
a n a l y s e s ,  and Phase  B s t u d i e s  t o  i d e n t i f y  t h e  des ign  s p e c i f i c a t i o n  and performance requirements  f o r  t h e  v a r i o u s  
performance a x m e n t a t i o n  o p t i o n s  under c o n s i d e r a t i o n .  The FY 1981 e f f o r t  w i l l  a l s o  c o n s i s t  of systems eng ineer ing  
a c t i v i t i e s  t o  understand t h e  a e r o t h e r m l ,  s t r u c t u r a l ,  dynamic, and v i b r o a c o u s t i c  impact of performance augmentat ion 
o p t i o n s  on t h e  STS elements.  F a c i l i t y  requirements  w i l l  a l s o  b e  s t u d i e d .  

CHANGES FROM FY 1981 BUDGET ESTIMATE: 

The r e d u c t i o n  of $ 7  m i l l i o n  i n  N 1981 r e f l e c t s  implementation of t h e  g e n e r a l  r e d u c t i o n  r e s u l t i n g  from Congress ional  
a c t i o n  on t h e  N 1981 a p p r o p r i a t i o n  r e q u e s t .  
f i r s t  p o t e n t i a l  miss ion  d a t e  f o r  t h e  aqgmented performance from 1985 t o  1986. 

This  r e d u c t i o n  can b e  t aken  i n  t h i s  a r e a  because  of 

BASIS OF FY 1982 ESTIMATE: 

Funds i n  FY 1982 a r e  r e q u i r e d  t o  complete t h e  p re l iminary  e f f o r t s  necessa ry  t o  a l l o w  concept se 

an ex tens ion  of t h e  

e c t i o n  and r e a d i n e s s  
f o r  a N 1983 development s t a r t  i n  o r d e r  t o  a c h i e v e  o p e r a t i o n a l  c a p a b i l i t y  i n  1986. A c t i v i t i e s  s t a r t e d  i n  FY 1980 and 
FY 1981 must con t inue  i n  N 1982 t o  conclude t h e  d e t a i l  s t u d i e s  and a n a l y s e s  of t h e  cand ida te  performance augmentation 
o p t i o n s  inc lud ing  s tudy  of t h e  impact on each element ( o r b i t e r ,  e x t e r n a l  t a n k ,  and s o l i d  rocket  b o o s t e r ) ,  a s  w e l l  a s  t h e  
impact on t h e  o v e r a l l  system and launch f a c i l i t y .  
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BdsIS OF FY 1982 FUMDING BEQUIBELIENTS: 

DEVELOPMENT, TEST AND MISSION SUPPORT 

1981 1982 
1980 Budget Current  Budget Page 

E s t i m a t e  - Actual E s t i m a t e  E s t i m a t e  NO - 
(Thousands of D o l l a r s )  

Research and test support.............................. 31,401 32,400 35,800 35,900 RD 2-16 
Data systems and f l i g h t  support........................ 35,822 40,200 38,900 35,700 RD 2-17 
Operat ions   support..^.................................. 44,285 45,900 45,900 49,500 RD 2-18 
Launch systems support................................. 61,092 65,000 62,900 62,900 RD 2-19 

172,600 183,500 184,000 

OBJECTIVES AND STATUS: 

Development, T e s t ,  and Mission Support (DTMS) p rov ides  t h e  common eng ineer ing ,  s c i e n t i f i c  and t e c h n i c a l  suppor t  
r e q u i r e d  t o  conduct ongoing and proposed Space Transpor ta t ion  Systems (STS) r e s e a r c h  and development a t  t h e  Johnson 
Space Center ,  t h e  Kennedy Space Center ,  t h e  Marshal l  Space F l i g h t  Center ,  and t h e  Na t iona l  Space Technology Labora- 
t o r i e s .  DTMS f u n c t i o n s  i n c l u d e  r e s e a r c h  and test s u p p o r t ,  d a t a  systems and f l i g h t  s u p p o r t ,  o p e r a t i o n s  suppor t ,  and 
launch systems suppor t .  These common e f f o r t s  a r e  necessa ry  t o  suppor t  e a r l y  p r o j e c t  d e f i n i t i o n ,  t o  p rov ide  eng ineer ing  
suppor t  f o r  i n d e p t h  t e c h n i c a l  examination of development e f f o r t s  of prime c o n t r a c t o r s  and major s u b c o n t r a c t o r s  on STS 
p r o j e c t s ,  t o  p rov ide  common suppor t  equipment and s u p p l i e s ,  and t o  perform a l t e r n a t i v e  d e s i g n s ,  t e s t i n g ,  and a n a l y s e s  i n  
h igh  technology a r e a s  of des ign  and development. 

CEIANGES FBan FY 1981 BUDGET ESTIMATE: 

The t o t a l  funding f o r  DTMS h a s  n o t  been changed i n  FY 1981. There has  been a r e a l l o c a t i o n  w i t h i n  t h e  t o t a l  e s t i m a t e  
c o n s i s t e n t  wi th  t h e  requirements  t o  suppor t  c e r t i f i c a t i o n  and v e r i f i c a t i o n  of t h e  Space S h u t t l e  sys tems,  t h e  d e l a y  i n  
t h e  STS-1 launch  schedu le ,  and t h e  e x t e n s i o n  of t h e  o r b i t a l  f l i g h t  test program. 
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BASIS OF FY 1982 ESTIMATE: 

FY 1982 funding p rov ides  f o r  t h e  common eng ineer ing ,  s c i e n t i f i c ,  and t e c h n i c a l  suppor t  r e q u i r e d  f o r  a c t i v i t i e s  
performed i n  t h e  S h u t t l e  program, t h e  STS Operat ions  C a p a b i l i t y  Development program and advanced programs. 

1981 1982 
1980 Budg e t  Current Budget 

Actual  E s t  ilna t e E s t  i m a  t e E s t  ima t e 
(Thousands of D o l l a r s )  

Research and Test Support..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1,401 32,400 35,800 35,900 

OBJECTIVES m STATUS: 

Research and test suppor t  encompasses a b road  spectrum of t e c h n i c a l ,  eng ineer ing ,  s c i e n t i f i c ,  r e l i a b i l i t y  and q u a l i t y  
a s s u r a n c e ,  and s a f e t y  o p e r a t i o n s .  These a c t i v i t i e s  complement t h e  work of t h e  m j o r  development c o n t r a c t o r s  l o c a t e d  
a c r o s s  t h e  coun t ry  i n  c o n t r a c t o r  p l a n t s  and United S t a t e s  government f a c i l i t i e s .  
con t inues  c e r t i f i c a t i o n  and v e r i f i c a t i o n  of f l i g h t  and ground hardware and o p e r a t i o n  of t h e  water  immersion f a c i l i t y ,  
crew t r a i n i n g  s t a t i o n ,  and t h e  remote manipula tor  s i m u l a t o r  f o r  t r a i n i n g .  Phrsha11 Space F l i g h t  Center suppor t s  t h e  
S h u t t l e  main eng ine  s t a t i c  test f i r i n g  a c t i v i t i e s  and i n t e g r a t e d  component t e s t i n g  a s  w e l l  a s  t h e  q u a l i f i c a t i o n  of t h e  
main p r o p u l s i o n  system, refurbishment  e f f o r t s  f o r  t h e  s o l i d  rocke t  b o o s t e r ,  and p rov ides  f l i g h t  e v a l u a t i o n  of t h e  
e x t e r n a l  t a n k ,  s o l i d  rocket  b o o s t e r ,  main eng ine ,  and r e l a t e d  systems. 

Johnson Space Center  i n  FY 1981 

CJiAHGES FBOLI THE FY 1981 BUDGET ESTIMATE: 

The c u r r e n t  estimate f o r  J?Y 1981 h a s  i n c r e a s e d  by $3.4 m i l l i o n  p r i m a r i l y  due t o  a d d i t i o n a l  c e r t i f i c a t i o n  and 
v e r i f i c a t i o n  requirements  f o r  crew equipment ( i . e .  e x t r a v e h i c u l a r  m o b i l i t y  u n i t ) ,  o r b i t e r  thermal  p r o t e c t i o n  system, and  
o r b i t e r  s t r u c t u r a l  load a n a l y s i s .  

BMIS OF FY 1982 ESTIMATE: 

During J?Y 1982, r e s e a r c h  and tes t  suppor t  e f f o r t s  w i l l  b e  focused p r i m a r i l y  on c r i t i c a l  S h u t t l e  a c t i v i t i e s ,  inc lud ing  
t h e  S h u t t l e  o r b i t e r  f l i g h t  test a c t i v i t y .  Also suppor ted w i l l  b e  des ign  and development a c t i v i t i e s  and r e s e a r c h  and 
development e f f o r t s  i n  STS o p e r a t i o n s  c a p a b i l i t y  development and advanced programs. Engineering and test suppor t  is 
provided t o  a s s u r e  achievement of t e c h n i c a l  g o a l s  a s  t h e y  relate t o  each program. 
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FY 1982 a c t i v i t i e s  suppor t  t h e  o p e r a t i o n  of t r a i n i n g  f a c i l i t i e s ;  cont inued  c e r t i f i c a t i o n  and  v e r i f i c a t i o n  of f l i g h t  
and ground hardware, s t a t i c  f i r i n g  of t h e  Space S h u t t l e  main engine t o  f u l l  power level ;  refurbishment  of s o l i d  rocke t  
b o o s t e r s ,  suppor t  dwelopment  of t h e  l i gh twe igh t  e x t e r n a l  t ank ,  and premission,  miss ion ,  and  pos t  miss ion  a n a l y s i s ;  and 
engineer ing  suppor t .  

1981 1982 
1980 Budget Current  Budget 

Actual  E s t  i m a  t e E s t  i m a  t e E s t  im  t e 
(Thousands of D o l l a r s )  

I h t a  Systems and  F l igh t  Support. .  . . . . . . . . . . . . . . . . . . . . . . 35,822 40,200 38,900 35,700 

OBJECTXVES AND smms: 

Data systems and  f l i g h t  suppor t  e f f o r t s  a r e  a s s o c i a t e d  wi th  t h e  ground-based f l i g h t  da t a  sys tems ,  f l i g h t  s imu la t i on  
systems,  s p e c i a l  purpose and g e n e r a l  purpose da t a  sys tems ,  and f l i g h t  suppor t .  

The ground-based f l i g h t  da t a  systems e f f o r t  suppo r t s  t h e  d e f i n i t i o n ,  de s ign ,  implementat ion,  and  checkout of hardware 
and so f twa re  mod i f i ca t i ons  t o  t h e  Johnson Space Center’s Mission Control  Center ,  inc lud ing  t h e  real t i m e  computer 
complex i n  suppor t  o f  t h e  S h u t t l e  o r b i t a l  f l i g h t  tests,  a s  w e l l  a s  o p e r a t i o n  and maintenance of t h o s e  f a c i l i t i e s  i n  
p r e p a r a t i o n  f o r  o p e r a t i o n a l  miss ion  suppor t .  Also inc luded  i s  t h e  o p e r a t i o n  of t h e  Johnson Space Center c e n t r a l  da t a  
computation f a c i l i t y  and s p e c i a l  purpose da ta  system r equ i r ed  t o  suppor t  Center-wide a c t i v i t i e s  in miss ion  a n a l y s i s ,  
systems engineer ing  development,  and test f u n c t i o n s  f o r  t h e  S h u t t l e  program. 

F l i g h t  suppor t  p rovides  f o r  development of S h u t t l e  f l i g h t  c o n t r o l  and recovery  p l a n s  and procedures ,  f l i g h t  p l a n s ,  
f l i g h t  da t a  compi la t ion ,  crew procedures  and t r a i n i n g ,  and o t h e r  elements  of t h e  da t a  b a s e  r equ i r ed  f o r  crew a c t i v i t i e s ,  
o p e r a t i o n  and maintenance of t h e  T-38 t r a i n i n g  a i r c r a f t ,  f l i g h t  da t a  management, and support  of S h u t t l e  payload 
accommodation and i n t e g r a t i o n .  

CHANGES FBOW FY 1981 BUDGET ESTIMATE: 

The FY 1981 estimate has been  reduced by  $1.3 m i l l i o n  c o n s i s t e n t  wi th  t h e  workload ad ju s tmen t s  r e f l e c t i n g  t h e  d e l a y  i n  
t h e  STS-1 launch schedule.  
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BASIS OF FY 1982 ESTIMATE: 

FY 1982 funding of ground-based f l i g h t  da t a  systems suppor t s  t h e  o p e r a t i o n s  and c a p a b i l i t y  upgrading of t h e  Mission 
Control  Center ,  t h e  c e n t r a l  computing f a c i l i t y ,  and t h e  f l i g h t  support  and f l i g h t  da t a  management f u n c t i o n s  f o r  t h e  OFT 
e f f o r t .  

1980 
Actual  

Operat ions Support........................... .......... 44,285 

1981 1982 
Budget Current Budget 

Estimate E s t  i m a  t e E s t  i m a  t e 
(Thousands of D o l l a r s )  

45,900 45,900 49,500 

OBJECTIVES AND STATUS: 

Opera t ions  suppor t  p rovides  f o r  c o n t r a c t o r  e f f o r t  and  r e l a t e d  s u p p l i e s  and equipment t o  o p e r a t e  and main ta in  on- s i t e  
a c t i v i t i e s  a t  t h e  Johnson Space Center ,  t h e  brsha11 Space F l i gh t  Center ,  t h e  Kennedy Space Center ,  t h e  Nat iona l  Space 
Technology Labora to r i e s ,  and f o r  o f f - s i t e  o p e r a t i o n s  a t  t h e  White Sands T e s t  F a c i l i t y .  

BASIS OF FY 1982 ESTWTE: 

FY 1982 funding w i l l  p rov ide  f o r  t h e  maintenance of t e c h n i c a l  f a c i l i t i e s  and equipment,  chemical  c l ean ing ,  engineer ing  
des ign ,  t e c h n i c a l  documentation and a n a l y s e s ,  te lecommunicat ions,  component f a b r i c a t i o n ,  photographic suppor t ,  and  
l o g i s t i c s  suppor t .  Examples of s p e c i f i c  services t o  b e  p r w i d e d  i n  FY 1982 inc lude :  (1)  o p e r a t i o n  and maintenance of 
s p e c i a l i z e d  e l e c t r i c a l  and c ryogenic  systems,  and maintenance of tes t  aqea c r anes ;  (2) o p e r a t i o n  of shops t o  do meta l  
f u r b i s h i n g ,  anod iz ing ,  p l a t i n g ,  s t r i p p i n g ,  and  e t ch ing  of s e l e c t e d  i t e m s  o f  in-house f a b r i c a t e d  f l i g h t  hardware; (3) 
c l ean ing  of hose s ,  gauges ,  t ub ing ,  and r e l a t e d  f l i g h t  i t e m s  that a r e  f a b r i c a t e d  in-house; (4) eng inee r ing ,  
i n s t a l l a t i o n ,  ope ra t i on ,  and  maintenance of c lo sed  c i r c u i t  f i x e d  and mobile  t e l e v i s i o n  r equ i r ed  f o r  suppor t  and /o r  
s u r v e i l l a n c e  of tes ts ;  (5) photographic services, i nc lud ing  s t i l l  and motion p i c t u r e  p roces s ing ,  and a u d i o  visual  
miss ion  suppor t ;  (6) f a b r i c a t i o n  of models,  b readboards ,  and  s e l e c t e d  i t e m s  of f l i g h t  hardware; ( 7 )  t e c h n i c a l  
documentation services, te lecommunicat ions,  and  g r a p h i c s ;  (8) t e c h n i c a l  services i n  suppor t  of c e n t e r  o p e r a t i o n s  
i nc lud ing  r e c e i p t ,  s t o r a g e  and i s s u e  of r e s e a r c h  and  development s u p p l i e s  and  equipment,  and t r a n s p o r t a t i o n  services; 
and  (9) management s e r v i c e s  i n  support  of c e n t e r  o p e r a t i o n s ,  inc lud ing  da t a  management, microf i lming ,  and p r e p a r a t i o n  of 
t e c h n i c a l  documentation. 

I n  a d d i t i o n ,  FY 1982 funds  w i l l  p rov ide  t h e  b a s i c  level of support  a t  t h e  Na t iona l  Space Technology Labora to r i e s  f o r  
s t a t i c  test f i r i n g  a t  f u l l  power level of t h e  m i n  p ropu l s ion  system and i n t e g r a t e d  component t e s t i n g  of t h e  Space 
S h u t t l e  main engine.  
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1981 1982 
1980 Budget Current  Budget 

(Thousands of D o l l a r s )  
Es t ima  t e A c t u a l  Es t imate  E s t  ima t e 

Launch Systems Support.  ................................ 61,092 65,000 62,900 62,900 

OBJECTIVES ANTI STATUS: 

Launch systems suppor t  p rovides  f o r  t h e  development and tes t  of t h e  checkout and launch f a c i l i t i e s  and a s s o c i a t e d  
ground suppor t  equipment,  a s  w e l l  a s  t h e  t e c h n i c a l  s e r v i c e s  r equ i r ed  t o  suppor t  t h e  t e s t ,  checkout ,  and launch of t h e  
S h u t t l e  and payloads f o r  t h e  development test  f l i g h t s .  

C W G E S  FROM FY 1981 BUDGET ESTIMATE: 

The FY 1981 e s t i m a t e  ha s  been  decreased by $2.1 m i l l i o n  t o  r e f l e c t  p r imar i l y  t h e  d e f e r r e d  bu i ldup  of support  
a c t i v i t i e s  r equ i r ed  f o r  STS-1 launch process ing .  

BASIS OF FY 1982 ESTIMATE: 

The FY 1982 launch systems suppor t  requi rements  a t  t h e  Kennedy Space Center  w i l l  suppor t  t h e  i n t e g r a t i o n  and checkout 
of t h e  space  v e h i c l e ,  i t s  payloads,  and ground suppor t  systems t o  accommodate t h e  S h u t t l e  o r b i t a l  f l i g h t  test hardware 
and payload systems.  

Funding i n  FY 1982 w i l l  prcwide f o r  mechanical ground system a c t i v i t i e s  i nvo lv ing  o p e r a t i o n  and maintenance of launch 
systems and f a c i l i t i e s  f o r  t h e  S h u t t l e ;  suppor t  f o r  development t e s t i n g  of t h e  Kennedy Space Center designed Space 
S h u t t l e  equipment i n  t h e  launch equipment test f a c i l i t y ;  maintenance and o p e r a t i o n  of t h e  Kennedy Space Center  
e l e c t r i c a l  and  mechanical u t i l i t i e s  systems;  and o p e r a t i o n  of t e c h n i c a l  shops and t h e  p r e c i s i o n  c lean ing  l a b o r a t o r y  
which suppor t s  maintenance a c t i v i t i e s .  

FY 1982 funding w i l l  a l s o  support  t h e  e l e c t r o n i c  and launch i n s t rumen ta t i on  sys tems ,  such a s  automated checkout 
equipment,  o p e r a t i o n a l  v o i c e  and t e l e v i s i o n  communications, measurements, and t e l eme t ry .  These a c t i v i t i e s  i nc lude  
o p e r a t i o n s  and maintenance support  o f  communication, computat ional  and i n s t rumen ta t i on  systems f o r  t h e  Space S h u t t l e ,  
and i n s t rumen ta t i on  and measurement suppor t  f o r  development t e s t i n g  of t h e  Kennedy Space Center designed Space S h u t t l e  
equipment i n  t h e  launch  equipment test f a c i l i t y .  

RD 2-19 



BASIS OF FY 1982 F"MDING REQUIREMENTS: 

ADVANCED PROGRAMS 

1980 
A c t u a l  

Advanced Programs ...................................... 13,000 

1981 1982 
Budget Current  Budget 

E s t  i m a  t e E s t  inn t e 
(Thousands of D o l l a r s )  

E s t  i m a  t e 

8,800 8,800 10,800 

OBJECTIVES Am STATUS: 

The p r i n c i p a l  o b j e c t i v e  of advanced programs i s  t o  provide  t e c h n i c a l  and p rog rammt ic  da t a  f o r  t h e  d e f i n i t i o n  and 
e v a l u a t i o n  of p o t e n t i a l  f u t u r e  space  programs and systems. Future  systems requi rements ,  c o s t  and c a p a b i l i t i e s  a r e  
i d e n t i f i e d  t o  provide  t h e  b a s i s  f o r  s e l e c t i o n  of  new f l i g h t  systems. These e f f o r t s  have c o n t i n u a l l y  provided t h e  b a s i s  
f o r  new programs and systems,  such a s  Apollo, Skylab, and t h e  Shu t t l e .  Subsystems s t u d i e s  and suppor t ing  development 
a c t i v i t i e s  a r e  conducted t o  demonstrate  s i g n i f i c a n t  per fornnnce  and r e l i a b i l i t y  improvements and t o  reduce f u t u r e  
program r i s k s  and  development c o s t s  through t h e  e f f e c t i v e  use  of new technologies .  

I n  FY 1981, t h e  advanced programs e f f o r t  w i l l  b e  focused on conducting system and subsystem development s t u d i e s  f o r  
t h e  d e f i n i t i o n  of power systems,  space  p la t forms  f o r  low and geosynchronous o r b i t s  and t e t h e r  systems;  t h e  cont inued  
e v a l u a t i o n  of major r e g e n e r a t i v e  l i f e  suppor t  subsystems;  assembly and c o n s t r u c t i o n  o p e r a t i o n s  f o r  l a r g e  space  systems 
and s t r u c t u r e s  i n  o r b i t ;  t h e  i n v e s t i g a t i o n  of systems and subsystems concepts  involv ing  s a t e l l i t e  services ( i . e . ,  
placement,  r e t r i e v a l ,  and  on- orbi t  maintenance and r e p a i r s ) ;  t h e  d e f i n i t i o n  of advanced t r a n s p o r t a t i o n  v e h i c l e  concepts  
i nc lud ing  o r b i t a l  t r a n s f e r  v e h i c l e s  and Shu t t l e - de r ived  launch v e h i c l e s ;  and t h e  d e f i n i t i o n  and a n a l y s i s  of s a t e l l i t e  
placement and  r e t r i e v a l  systems remote from t h e  o r b i t e r .  Completion of t h e  a l t e r n a t i v e  systems concept s t u d i e s  f o r  t h e  
25-kW power system d e f i n i t i o n  w i l l  b e  accomplished by December 1981. 

BASIS OF FY 1982 ESTIMATE: 

I n  FY 1982 major emphasis w i l l  b e  p laced  on cont inu ing  s t u d i e s ,  engineer ing  i n v e s t i g a t i o n s ,  and  d e f i n i t i o n  of miss ion  
o p t i o n s  tha t  w i l l  soon b e  p o s s i b l e  and r equ i r ed  because  of t h e  o p e r a t i o n a l  c a p a b i l i t y  and f l e x i b i l i t y  of t h e  space  
t r a n s p o r t a t i o n  system. These o p t i o n s  w i l l  g e n e r a l l y  f a l l  i n t o  f o u r  major c a t e g o r i e s :  unmanned l o w - a l t i t u d e  p la t forms  , 
unlnanned g e o s t a t i o n a r y  p l a t fo rms ,  a manned space  o p e r a t i o n s  c e n t e r ,  and v a r i o u s  elements  of o r b i t a l  t es t  and 
t r a n s p o r t a t i o n  f o r  t h e i r  suppor t .  I n  t h e  unmanned l o w- a l t i t u d e  p la t forms  a rea ,  de s ign  w i l l  b e  cont inued t o  d e f i n e  
p l a t fo rm and power support  systems. I n  t h e  second ca t ego ry ,  d e f i n i t i o n  s t u d i e s  of geosynchronous p la t forms  w i l l  b e  

RD 2-20 



emphasized. To a c h i e v e  t h e  e v e n t u a l  c a p a b i l i t y  o f  manned o p e r a t i o n s  c e n t r a l i z a t i o n  and commonality i n  o r b i t ,  t h e  
concept o f  t h e  Space Operat ions  Center ,  a Shu t t l e- serv iced ,  permanent manned l o w - a l t i t u d e  f a c i l i t y ,  i s  under con t inu ing  
s tudy .  
launch,  recovery and s e r v i c i n g  of manned and unmanned s p a c e c r a f t ;  c o n s t r u c t i o n ,  checkout ,  and t r a n s f e r  t o  o p e r a t i o n a l  
o r b i t  of l a r g e  complex space  systems; t end ing  of co- orb i t ing  f r e e- f l y i n g  s a t e l l i t e s  and p la t fo rms ;  and con t inu ing  
development of o u r  c a p a b i l i t y  t o  conduct permanent manned o p e r a t i o n s  i n  space.  For o r b i t a l  test and t r a n s p o r t a t i o n ,  t h e  
focus  w i l l  b e  on  l a r g e  s t r u c t u r e s ,  s a t e l l i t e  s e w i c i n g ,  and advanced t r a n s p o r t a t i o n  op t ions .  

The Space Operat ions  Center w i l l  improve t h e  e f f i c i e n c y  o f  o r b i t a l  o p e r a t i o n s  such a s :  on- orbit  assembly,  

As p a r t  of t h e  o r b i t a l  test and t r a n s p o r t a t i o n  ca tegory ,  d e f i n i t i o n  s t u d i e s  of l i f e  and crew suppor t  eng ineer ing  
a c t i v i t i e s  r e q u i r e d  f o r  extended o r b i t a l  miss ions  w i l l  b e  conducted. I n v e s t i g a t i o n s  of p o t e n t i a l  t o o l s  and equipment 
f o r  use  i n  e x t r a v e h i c u l a r  a c t i v i t y  and t e l e o p e r a t o r  o p e r a t i o n s  w i l l  b e  c a r r i e d  ou t .  
engineer ing development s t u d i e s  t o  suppor t  dep loyab le  and e r e c t a b l e  space  s t r u c t u r e  a c t i v i t i e s  w i l l  b e  continued. As 
p a r t  of c o n s t r u c t i o n  o p e r a t i o n s ,  s t u d i e s  of assembly and r e p a i r  of f u t u r e  s t r u c t u r e s  i n  space  w i l l  b e  cont inued a s  w e l l  
a s  s t u d i e s  o f  e x t r a v e h i c u l a r  a c t i v i t y  o p e r a t i o n s  e s s e n t i a l  f o r  s a t e l l i t e  and p l a t f o r m  maintenance. 
engineer ing development e f f o r t s  on t e l e o p e r a t o r  systems t o  p e r m i t  remote s a t e l l i t e  s e r v i c i n g  and s t u d i e s  on e x t r a v e h i c l e  
a c t i v i t y  suppor t  equipment a s  w e l l  a s  automated rendezvous and proximity  o p e r a t i o n s  t echn iques  w i l l  b e  continued. 
Advanced space  t r a n s p o r t a t i o n  c a p a b i l i t i e s  d e f i n i t i o n  s t u d i e s  w i l l  a l s o  b e  conducted t o  develop cand ida tes  f o r  o r b i t a l  
t e s t i n g  of systems and end i t e m s  that l i e  between Phase B and Phase C of t h e  u s u a l  development approach i n  o rde r  t o  test 
f e a s i b i l i t y  and c a p a b i l i t y .  Other planned a c t i v i t i e s  f o r  FY 1982 i n  t h i s  a r e a  i n c l u d e  t h e  c o n t i n u a t i o n  of s t u d i e s  o f  
advanced t r a n s p o r t a t i , o n  t o  enhance t h e  space  t r a n s p o r t a t i o n  system c a p a b i l i t i e s  and t o  permit  improved geosynchronous 
opera t ions .  As p a r t  of t h e s e  e f f o r t s ,  emphasis w i l l  b e  p laced on upper s t a g e s  such a s  t h e  advanced Centaur ,  v a r i o u s  
approaches  t o  a r e u s a b l e  o r b i t a l  t r a n s f e r  v e h i c l e ,  and t h e  concept of a Shu t t l e- der ived  heavy l i f t  launch v e h i c l e .  

Also, systems,  subsystems, and 

Concept and 
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BASIS OF FY 1982 FUMDIIJG BEQUIWMKNTS: 

S PACELAB 

1981 1982 
1980 Budget Current Budg et 

(Thousands of D o l l a r s )  
E s t  i m a  t e Es t imate  A c t u a l  E s t  im  t e 

Spacelab............................................... 58,800 149,700 13 9,700 140,700 

OBJECTIVES AND STATUS: 

The Spacelab i s  a major element of t h e  Space T ranspo r t a t i on  System. The program i s  be ing  c a r r i e d  out j o i n t l y  b y  NASA 
and t h e  European Space Agency (ESA) t o  provide  a versa t i le ,  r e u s a b l e  space  l a b o r a t o r y  which w i l l  b e  flown t o  and from 
Ear th  o r b i t  i n  t h e  cargo  b a y  of t h e  Shu t t l e .  The Spacelab w i l l  c o n s i s t  of a p r e s su r i zed  module and unpressur ized  p a l l e t  
segments which can  b e  used i n  v a r i o u s  combinat ions t o  suppor t  miss ion  requirements .  It w i l l  permit  r e s e a r c h e r s  t o  
conduct a wide range  of  experiments  i n  a ground- type l a b o r a t o r y  wh i l e  ope ra t i ng  i n  t h e  unique environment of space.  

Ten European n a t i o n s ,  n i n e  of which a r e  members of t h e  European Space Agency, a r e  p a r t i c i p a t i n g  i n  t h e  program. NASA 
and ESA a r e  committed t o  b e a r  t h e  c o s t  of t h e i r  r e s p e c t i v e  program r e s p o n s i b i l i t i e s .  ESA r e s p o n s i b i l i t i e s  i n c l u d e  t h e  
de s ign ,  development,  p roduct ion ,  and d e l i v e r y  of t h e  f i r s t  Spacelab and a s s o c i a t e d  ground suppor t  equipment,  and 
es tab l i shment  of t h e  c a p a b i l i t y  t o  produce a d d i t i o n a l  Spacelabs.  NASA funding r e s p o n s i b i l i t i e s  i n c l u d e  development of 
f l i g h t  and  ground suppor t  equipment not provided by ESA, development of Spacelab o p e r a t i o n a l  c a p a b i l i t y  and procurement 
of a d d i t i o n a l  hardware needed t o  support  NASA's miss ions .  

I n  FY 1981, t h e  manufacture of t h e  crew t r a n s f e r  t u n n e l  w i l l  con t inue  and t h e  f l e x i b l e  s e c t i o n  w i l l  b e  de l i ve red .  The 
t u n n e l  w i l l  l i n k  t h e  Spacelab module t o  t h e  S h u t t l e  o r b i t e r  cab in .  With t h e  de s ign  complete,  t h e  f a b r i c a t i o n  of t h e  
V e r i f i c a t i o n  F l i g h t  I n s t rumen ta t i on  (VFI) equipment w i l l  s t a r t .  The VFI  i n c l u d e s  s enso r s ,  e l e c t r o n i c  measuring and 
monitor ing d e v i c e s ,  and r e l a t e d  f l i g h t  and ground suppor t  equipment r equ i r ed  t o  v e r i f y  t h e  performance of Spacelab 
subsystems and  t o  monitor  t h e  environment t o  which payloads w i l l  b e  sub j ec t ed .  

Development and i n t e g r a t i o n  of t h e  sof tware  f o r  t h e  Spacelab s imu la to r  w i l l  con t inue  i n  FY 1981. The u t i l i t y  k i t s ,  
which serve a s  Spacelab- to- Shutt le  o r b i t e r  mating hardware, w i l l  a l s o  con t inue  t o  b e  manufactured. 
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NASA w i l l  a c c e p t  d e l i v e r y  o f  t h e  ESA-dweloped Spacelab engineer ing model i n  e a r l y  FY 1981. The f i r s t  f l i g h t  u n i t  and 
two sets of ground suppor t  equipment a r e  a l s o  scheduled f o r  d e l i v e r y  i n  FY 1981. These d e l i v e r i e s  w i l l  a c c e l e r a t e  
Spacelab a c t i v i t i e s  a t  t h e  Kennedy Space Center  invo lv ing  t h e  r e c e i p t ,  assembly,  i n s t a l l a t i o n ,  checkout ,  and process ing 
of t h i s  hardware. Ground suppor t  equipment and f a c i l i t y  v e r i f i c a t i o n  t e s t i n g  w i l l  b e  accomplished c e r t i f y i n g  that t h e  
complex i s  ready f o r  Spacelab launch checkout process ing.  This  work i s  performed by t h e  Spacelab i n t e g r a t i o n  c o n t r a c t o r  
who w i l l  also be performing systems eng ineer ing ,  l o g i s t i c s  p lanning,  systems so f tware  p r e p a r a t i o n s  and a n a l y t i c a l  
experiment i n t e g r a t i o n  f o r  e a r l y  Spacelab miss ions .  

NASA s igned  a c o n t r a c t  wi th  ESA i n  e a r l y  FY 1980 f o r  t h e  procurement of t h e  second set o f  Spacelab hardware ( t h e  f i r s t  
be ing  t h a t  which ESA h a s  funded) .  The p roduc t ion  of t h i s  follow-on hardware i s  planned t o  b e  completed i n  FY 1984. 

CHANGES FROM 1981 BUDGET ESTIMATES: 

A s  a r e s u l t  of Congress ional  a u t h o r i z a t i o n  and a p p r o p r i a t i o n  a c t i o n s ,  t h e  FY 1981 Spacelab follow-on procurement 
increment was reduced by $10 m i l l i o n .  
rephasing of payments t o  ESA. 

This r e d u c t i o n  w i l l  not s i g n i f i c a n t l y  a f f e c t  d e l i v e r y  schedu les ,  b u t  w i l l  r e q u i r e  

BASIS OF FY 1982 ESTIMATE: 

FY 1982 funding i s  requ i red  t o  con t inue  t h e  procurement of t h e  Spacelab follow-on hardware from ESA. Th i s  procurement 
i n c l u d e s  a second set of f l i g h t  e lements  and i n i t i a l  s p a r e s  t o  suppor t  t h e  e a r l y  f l i g h t s .  Del ivery  of t h i s  hardware i s  
scheduled t o  b e g i n  i n  N 1982. 

Work w i l l  con t inue  on t h e  crew t r a n s f e r  t u n n e l  and t h e  Spacelab s i m u l a t o r  wi th  FY 1982 funding.  The f i r s t  t u n n e l  i s  
scheduled t o  b e  complete and t h e  s i m u l a t o r  i s  t o  b e  ready f o r  t r a i n i n g  i n  FY 1983. F a b r i c a t i o n  of t h e  Spacelab 
V e r i f i c a t i o n  F l i g h t  Ins t rumenta t ion  equipment i s  scheduled t o  b e  complete i n  FY 1982. The manufacture of ground suppor t  
equipment will con t inue  wi th  e lements  t o  b e  d e l i v e r e d  i n  FY 1982 and FY 1983. FY 1982 funding w i l l  suppor t  t h e  
procurement of s p a r e  p a r t s  f o r  ESA p a l l e t  s t r u c t u r e s  which NASA h a s  modified t o  b e  flown dur ing  t h e  o r b i t e r  f l i g h t  
tests. It a l s o  provides  funds  f o r  s p a r e s  manufactured i n  t h e  United S t a t e s  f o r  Spacelab f l i g h t  hardware t o  b e  flown on 
t h e  f i r s t  two Spacelab miss ions .  

The d e s i g n  of Spacelab f l i g h t  hardware i s  w e l l  de f ined .  During t h e  p r e p a r a t i o n  f o r  launch,  exper ience  has shown t h a t  
minor changes may b e  r e q u i r e d  t o  a s s u r e  proper  f u n c t i o n ,  c o m p a t i b i l i t y  and r e l i a b i l i t y .  FY 1982 funding i s  requ i red  t o  
perform t h e s e  m o d i f i c a t i o n s  t o  t h e  hardware d e l i v e r e d  from ESA and t h e  follow-on hardware be ing  procured from ESA. 

The Spacelab i n t e g r a t i o n  c o n t r a c t o r  w i l l ,  w i th  FY 1982 funds ,  con t inue  t o  perform t h e  i n t e g r a t i o n  of t h e  f l i g h t  
hardware f o r  t h e  f i r s t  Spacelab miss ions .  The c o n t r a c t o r  w i l l  c e r t i f y  f o r  r e f l i g h t  t h e  p a l l e t s  which a r e  t o  b e  flown 
dur ing t h e  o r b i t e r  f l i g h t  tests. FY 1982 funds  w i l l  p rovide  f o r  t h e  p r e p a r a t i o n  of procedures  f o r  process ing and 
t e s t i n g  f l i g h t  and ground hardware. Also ,  e f f o r t  w i l l  b e  cont inued i n  t h e  a r e a s  of system eng ineer ing ,  l o g i s t i c s  
planning and a n a l y t i c a l  i n t e g r a t i o n  f o r  e a r l y  miss ions .  
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BASIS OF FY 1982 FUNDING BEQUIRIHENTS: 

SPACE TRANSPORTATION SYSTEM OPERATIONS 

1981 
Budget Current 1980 

Actual  E s t  im  t e E s t  i n s  t e 
(Thousands of D o l l a r s )  

S h u t t l e  operations..................................... 119,300 2 96,000 213,500 

Upper s t a g e s  operation................................. 18,700 30,900 38,200 
Spacelab operations.................................... --- 1,600 --- 
Payload suppor t  operations............................. 10,100 18,000 19,000 

Total................................................ 148,100 3 46,500 270,700 

1982 

E s t  im  t e 
Budget Page 

NO 

461,100 RD 2-26 

68,000 RD 2-27 
32,200 RD 2-28 

--- --- 

561,300 

OBJRCTIVBS Am STATUS: 

Space T r a n s p o r t a t i o n  System Operat ions  w i l l  p rov ide  t h e  t r a n s p o r t a t i o n  semices and o p e r a t i o n a l  a c t i v i t i e s  t o  b r i n g  

The space  t r a n s p o r t a t i o n  system w i l l  p r w i d e  f o r  t h e  
about  a more e f f e c t i v e  a c c e s s  t o ,  and u t i l i z a t i o n  of space  f o r  t h e  expansion of human knowledge and f o r  p r a c t i c a l  
b e n e f i t s  on E a r t h ,  w h i l e  reducing t h e  c o s t  of space  o p e r a t i o n s .  
d e l i v e r y  of f r e e- f l y i n g  payloads t o  low Ear th  o r b i t ;  f a c i l i t a t e  t h e  conduct of experiments us ing t h e  S h u t t l e  o r b i t e r  a s  
a c a r r i e r  v e h i c l e  f o r  exper iments  mounted i n  Spacelab p r e s s u r i z e d  modules and on Spacelab p a l l e t s  i n  t h e  o r b i t e r  payload 
bay;  d e l i v e r  payloads  t o  synchronous and o t h e r  h igh  energy o r b i t s  using t h e  combined c a p a b i l i t i e s  of t h e  S h u t t l e  and 
upper s t a g e s ;  retrieve f r e e- f l y i n g  payloads from l o w  Ear th  o r b i t ;  and p r w i d e  on- orbit  s e r v i c i n g  of s a t e l l i t e s .  

The space  t r a n s p o r t a t i o n  system o p e r a t i o n s  a c t i v i t i e s  i n t e g r a t e  t h e  S h u t t l e  system, t h e  Spacelab,  and t h e  upper s t a g e s  
i n t o  a v e r s a t i l e  and economical space  t r a n s p o r t a t i o n  system. 
r e c u r r i n g  hardware and consurnables, and suppor t  p lanning f o r  o p e r a t i o n s  invo lv ing  launch,  f l i g h t  r e c w e r y  crews and 
r e l a t e d  a c t i v i t i e s  a r e  w e l l  underway. 
component s ha s been  i n i  t i a  t ed . 

S h u t t l e  miss ion  p lann ing ,  procurement planning of 

I n  a d d i t i o n ,  procurement of long- lead i t e m s  f o r  major expendable hardware 

Spacelab o p e r a t i o n s  p rov ide  f o r  development and implementation of Spacelab ground- turnaround and f l i g h t  o p e r a t i o n s ,  
i n c l u d i n g  miss ion  p lann ing ,  Spacelab- to- Shuttle i n t e g r a t i o n ,  and ground suppor t  o p e r a t i o n s .  
p r w i d e  € o r  t h e  procurement of upper s t a g e  hardware and r e l a t e d  suppor t  necessa ry  f o r  o r b i t a l  placement of s p a c e c r a f t  

Upper s t a g e  o p e r a t i o n s  
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fol lowing low o r b i t  deployment from t h e  S h u t t l e  o r b i t e r .  The upper s t a g e s  i n c l u d e  i n e r t i a l  upper s t a g e s  and sp inn ing  
s o l i d  upper s t a g e s .  

Payload suppor t  o p e r a t i o n s  provide  f o r  o p e r a t i o n a l  payload r e l a t e d  hardware,  s e r v i c e s  and launch s i t e  c a p a b i l i t y  
development r e q u i r e d  t o  m e e t  a user’s  t r a n s p o r t a t i o n  requirements  o u t s i d e  t h e  scope of c u r r e n t l y  de f ined  s t andard  space  
t r a n s p o r t a t i o n  system services. 

(XILUGES PBOH 1981 BUDGET ESTIMATES: 

FY 1981 funding f o r  S h u t t l e  o p e r a t i o n s  and Spacelab o p e r a t i o n s  were rephased t o  r e f l e c t  c u r r e n t  requirements  
c o n s i s t e n t  w i t h  t h e  S h u t t l e  f l i g h t  manifes t  cover ing t h e  planned schedule  and payloads f o r  e a r l y  o p e r a t i o n a l  miss ions .  
Upper s t a g e  o p e r a t i o n s  funding r e f l e c t s  amounts which had been  es t ima ted  a s  r e q u i r e d  f o r  I U S  procurement. At  p r e s e n t ,  
t h e  e s t i r m t e d  c o s t s  and a l t e r n a t i v e s  i n  t h i s  a r e a  a r e  under r e v i e w  a s  a r e s u l t  of a r e c e n t l y  announced c o n t r a c t  
overrun.  Payload suppor t  o p e r a t i o n s  FY 1981 funding r e f l e c t s  inc reased  a n a l y t i c a l  i n t e g r a t i o n  a c t i v i t i e s  b u t  does not 
i n c l u d e  any  impact from t h e  c u r r e n t  r e v i e w  of upper s t a g e  requirements .  

BASIS OF FY 1982 BUDGET ESTIMATES: 

S h u t t l e  o p e r a t i o n s  - FY 1982 funding i s  r e q u i r e d  f o r  c o n t i n u a t i o n  of procurement of raw m a t e r i a l s  and subassembl ies  
f o r  e x t e r n a l  t a n k s  and s o l i d  rocket  b o o s t e r s  a s  w e l l  a s  manufacture,  assembly,  and checkout of t h i s  f l i g h t  hardware t o  
suppor t  t h e  c u r r e n t l y  planned f l i g h t  r a t e  f o r  e a r l y  o p e r a t i o n a l  miss ions .  The produc t ion  phasing i s  a f u n c t i o n  of t h e s e  
miss ion  requirements  i n  con junc t ion  wi th  t h e  need t o  develop a reasonably  smooth and e f f i c i e n t  b u i l d u p  of p roduc t ion  
r a t e s .  FY 1982 funding i s  a l s o  r e q u i r e d  f o r  f l i g h t  o p e r a t i o n s  planning a t  Johnson Space Center which i n c l u d e s  miss ion  
o p e r a t i o n s  p lann ing ,  crew t r a i n i n g ,  eng ineer ing  suppor t  and a n a l y t i c a l  i n t e g r a t i o n  f o r  i n i t i a l  o p e r a t i o n a l  f l i g h t  
beginning i n  l a t e  1982. 

Upper s t a g e  o p e r a t i o n s  - Funding i n  FY 1982 i s  r e q u i r e d  t o  con t inue  t h e  procurement of major components and i n i t i a l  
subsystem assembly of t h e  upper s t a g e s  t o  suppor t  NASA miss ions  inc lud ing  Tracking and Data Relay S a t e l l i t e s ,  
I n t e r n a t i o n a l  S o l a r  P o l a r  Mission,  G a l i l e o ,  and Venus Orb i t ing  Imaging Radar s a t e l l i t e .  The e s t i m a t e s  i n  t h i s  a r e a  a r e  
based on t h e  i n e r t i a l  upper s t a g e  and sp inn ing  s o l i d  upper s t a g e s  and m y  b e  a l t e r e d  a s  a r e s u l t  of t h e  reviews 
c u r r e n t l y  i n  p rogress .  

Payload suppor t  o p e r a t i o n s  - Funding i n  FY 1982 i s  r e q u i r e d  t o  suppor t  ongoing payload i n t e g r a t i o n  a n a l y s i s  and 
implementation f o r  c u r r e n t l y  scheduled launches .  NASA payloads  r e q u i r i n g  s i g n i f i c a n t  suppor t  i n  1982 inc lude :  G a l i l e o ,  
I n t e r n a t i o n a l  S o l a r  P o l a r  Mission,  Long Dura t ion  Exposure F a c i l i t y ,  Tracking and Data Relay S a t e l l i t e ,  Space Telescope,  
e a r l y  Spacelab miss ions ,  and Venus Orb i t ing  Imaging Radar s a t e l l i t e .  
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1980 
A c t u a l  

S h u t t l e  Operat ions.  .................................... 119,300 

1981 1982 
Budg e t  Current  Budget 

Est imate E s t  i m  t e E s t  im  t e 
(Thousands of D o l l a r s )  

296,000 213,500 461,100 

OLTECTIVES AND STATUS: 

S h u t t l e  o p e r a t i o n s  funding provides  f o r  t h e  o p e r a t i o n s  and maintenance of t h e  space  t r a n s p o r t a t i o n  system. The major 
elements  of S h u t t l e  o p e r a t i o n s  i nc ludes  t h e  fo l lowing:  l aunch ,  f l i g h t ,  l anding  and ground turnaround;  cargo  a n a l y t i c a l  
i n t e g r a t i o n  and miss ion  planning and o p e r a t i o n s ;  f l i g h t  crew o p e r a t i o n s  and  equipment; o r b i t e r  spares and engineer ing  
suppor t ;  procurement of e x t e r n a l  t anks ,  s o l i d  rocke t  b o o s t e r s ,  m i n  engines  and p r o p e l l a n t s ;  ground systems o p e r a t i o n s ,  
l o g i s t i c s  and  s u s t a i n i n g  engineer ing .  

CHANGES FROM 1981 BUDGET ESTIMATE: 

FY 1981 funding f o r  S h u t t l e  o p e r a t i o n s  h a s  been  reduced t o  r e f l e c t  requi rements  c o n s i s t e n t  w i th  t h e  S h u t t l e  f l i g h t  
schedule  i n  a d d i t i o n  t o  t h e  impact of Congressional  a c t i o n  on t h e  FY 1981 a p p r o p r i a t i o n .  

BASIS OF FY 1982 BUDGET ESTIMATE: 

FY 1982 funding w i l l  support  t h e  cont inued procurement,  manufacturing,  assembly and checkout of f l i g h t  hardware f o r  
e a r l y  o p e r a t i o n a l  S h u t t l e  f l i g h t s .  This hardware i n c l u d e s  s o l i d  rocke t  b o o s t e r s ,  e x t e r n a l  t anks ,  and o r b i t e r  v e h i c l e  
replenishment  spare equipment. Funding w i l l  a l s o  suppor t  development of s t anda rd i zed  S h u t t l e  f l i g h t  p l ans  f o r  o p e r a t i o n  
of t h e  a v i o n i c s  so f twa re  and f l i g h t  c o n t r o l  systems. P lans  and procedures  f o r  e a r l y  o p e r a t i o n a l  miss ions  w i l l  b e  
developed i n  d e t a i l  t o  r e f l e c t  miss ion  p r o f i l e s ,  thermal  and dynamics load  requi rements ,  and  crew a c t i v i t i e s  f o r  each  
mission.  
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1981 1982 
1980 Budget Current Budget 

A c t u a l  E s t  im  t e Est imate  Est imate  
(Thousands of D o l l a r s )  

Upper Stages  Operations. . .  ............................. 18,700 3 0,900 38,200 68,000 

OBJECTIVES AND STATUS: 

Upper s t a g e  o p e r a t i o n s  provides  funding f o r  t h e  procurement of  t h e  I n e r t i a l  Upper Stage (IUS) and t h e  Spinning S o l i d  
Upper Stages  (SSUS). Since t h e  r e c e n t  c o n t r a c t o r  announcement of r e v i s e d  c o s t  estimates f o r  I U S  development and i n i t i a l  
p roduc t ion ,  NASA h a s  been  a s s e s s i n g  a l t e r n a t i v e s  a v a i l a b l e  f o r  p l a n e t a r y  miss ions .  

CHANGES PROM FY 1981 BUDGET ESTIMATES: 

Upper s t a g e  o p e r a t i o n s  funding r e f l e c t s  i n c r e a s e s  i n  hardware c o s t s  which had been i d e n t i f i e d  based on data  a v a i l a b l e  
p r i o r  t o  t h e  r e c e n t  announcement of c o s t  i n c r e a s e s .  This  requirement w i l l  b e  s u b j e c t  t o  adjus tment  based on t h e  r e s u l t s  
of t h e  r e v i e w  now i n  progress .  

BBSIS OF FY 1982 BUDGET ESTIMATE: 

FY 1982 STS upper s t a g e s  o p e r a t i o n s  funding p rov ides  f o r  procurement of  upper s t a g e s  c o n s i s t e n t  w i t h  t h e  requirements  
f o r  e a r l y  o p e r a t i o n a l  miss ions  wi th  t h e  same q u a l i f i c a t i o n s  a s  t h e  e s t i m t e  f o r  FY 1981. 

RD 2-27 



1981 1982 
1980 Budget Current Budget 

Actual  E s t  i m a  t e Est imate  E s t i m a t e  
(Thousands of D o l l a r s  ) 

Pa yloa d Support Opera t i o n s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10,100 18,000 19,000 32,200 

OBJECTIVES AND STATUS: 

Payload suppor t  o p e r a t i o n s  p rov ide  S h u t t l e  payload r e l a t e d  o p t i o n a l  s e r v i c e s  t o  NASA and re imbursable  u s e r s .  These 
services i n c l u d e :  development of unique i n t e g r a t i o n  hardware,  s p a c e c r a f t  t o  upper s t a g e  a n a l y t i c a l  i n t e g r a t i o n ,  and 
payload launch s i t e  suppor t .  

CHANGES FROM PY 1981 BUDGET ESTIMATE: 

Payload suppor t  o p e r a t i o n  FY 1981 funding r e f l e c t s  i n c r e a s e d  a n a l y t i c a l  i n t e g r a t i o n  a c t i v i t i e s ,  b u t  does not  i n c l u d e  
r e s u l t s  from t h e  c u r r e n t  I U S  review. 

BASIS OF FY 1982 BUDGET ESTJl4ATES: 

Funding i n  FY 1982 i s  needed t o  suppor t  con t inu ing  o p e r a t i o n s  r e l a t e d  s e r v i c e s  f o r  c u r r e n t l y  scheduled launches .  NASA 
miss ions  r e q u i r i n g  suppor t  from payload suppor t  o p e r a t i o n s  dur ing t h i s  t i m e  pe r iod  inc lude :  G a l i l e o ,  I n t e r n a t i o n a l  
S o l a r  P o l a r  Mission,  Long Durat ion Exposure F a c i l i t y ,  Tracking and Data Relay S a t e l l i t e ,  and t h e  Venus Orb i t ing  Imaging 
Radar. 
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RESEARCH AND DEVgLOflIENT 

FISCAL YEAR 1982 ESTIHATES 

BUDGET SUQURY 

OFFICE OF SPACE TEAHSFORTATIOI OPEBBTIOIS 

SUMMARY OF RESOURCES REQUIREMENTS 

S C O U t . . . . . . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Centaur. ............................................... 
Delta.................................................. 
A t l a s - F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Distribution of Program Amount by Instal lat ion:  

Kennedy Space C e n t e r . . . . . . . . . . . . # . . . . . . . . . . . . . . . . . . . . . .  
Goddard Space Flight C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Langley Research C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L e w i s  Research C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E e a d q u a r t e r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

EXPENDABLE LAUNCH VEHICLES PROGRAM 

1981 
1980 Budget Current 

Actual Estimate Estimate 
(Thousands of Dollars) 

5,100 2,200 900 
18,000 5,600 5,600 
43,100 47,900 47,900 

1,200 -9- --- 
67,400 55,700 54,400 

4,700 
38,500 

5,100 
17,000 

2,100 

67.400 

1,600 
45,700 

2,200 
5,500 

700 

55,700 

1,600 
45,700 

900 
5,500 

700 

54,400 

1982 

Estimate 
Budget Page 

NO 

800 RD 3-3 --- RD 3-4 
30,400 RD 3-5 --- RD 3-6 

31,200 

1,700 
28,200 

800 

500 
--- 

31,200 

RD 3-1 



RESEARCH AND DgVELOPMENT 

FISCAL YEAR 1982 ESTIMATES 

OFFICE OF SPACE l!"SPORTATION OPEBBTIONS KXPENDABLE LAUNCH VEHICLES PROGRAM 

PROGRAM OBJECTIWS AND JUSTIFICATIOI: 

The o b j e c t i v e  of  t h e  Expendable Launch Vehic les  program i s  t o  provide  f o r  t h e  c e n t r a l i z e d  procurement of launch 
v e h i c l e s  and launch suppor t  services f o r  NASA's automated s p a c e c r a f t  mi s s ions ,  and f o r  o t h e r  agenc ie s  and o r g a n i z a t i o n s  
u t i l i z i n g  t h e s e  systems and services on a re imbursable  b a s i s .  

NASA's expendable launch v e h i c l e  t r a n s p o r t a t i o n  systems c o n s i s t  of t h e  Scout, A t l a s  Centaur, De l t a ,  and Atlas-F 
v e h i c l e s .  
and, on b o t h  a coope ra t ive  and a re imbursable  b a s i s ,  t o  suppor t  o t h e r  government, i n t e r n a t i o n a l ,  and commercial agenc ie s  
and o rgan iza t ions .  'Ihe expendable launch  v e h i c l e  program inc ludes  t h e  procurement of  v e h i c l e  hardware, launch  services, 
and eng inee r ing  and maintenance suppor t ,  i nc lud ing  t h e  neces sa ry  r e l i a b i l i t y  improvement of t h e  launch v e h i c l e ,  and t h e  
a n c i l l a r y  ground equipment. 

This  fami ly  of  launch v e h i c l e s  h a s  been developed t o  suppor t  NASA's automated s p a c e c r a f t  l aunch  requi rements  

Launches under t h i s  program are conducted from s i t e s  l o c a t e d  a t  t h e  Eas t e rn  Space and Missile Center  (ESMC) former ly  
c a l l e d  t h e  Eas t e rn  T e s t  Range (ETR) i n  F l o r i d a ,  t h e  Western Space and MLssile Center  (WSMC) former ly  c a l l e d  Western T e s t  
Range (WTR) i n  C a l i f o r n i a ,  t h e  Wallops F l i g h t  Center  i n  V i r g i n i a ,  and t h e  San Marco P la t fo rm o f f  t h e  c o a s t  of Kenya, 
Africa. 

CHdacES FRCH FY 1981 BUDGET ESTIMATE: 

The FY 1981 budget  h a s  been reduced by $1.3 m i l l i o n  i n  t h e  Scout program t o  accomodate t h e  o v e r a l l  r educ t ion  i n  t h e  
amount app rop r i a t ed  f o r  FY 1981. 
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BASIS OF FY 1982 FWDTlNG PEOU-S: 

SCOUT 

1981 1982 
1980 Budget Current  Budget 

Actual  E s t i m a t e  Estimate Es t imate  
(Thousands of D o l l a r s )  

Scout. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5,100 2,200 900 800 

0B.lEcTIvES Am STATOS: 

The Scout launch  v e h i c l e  w a s  i n i t i a t e d  by NASA i n  1959 w i t h  t h e  g o a l  of economical ly launching  a wide v a r i e t y  of sma l l  
s c i e n t i f i c  satell i tes,  space  probes ,  and re- ent ry  experiments .  The f i r s t  Scout launch occurred  i n  Ju ly  1960. In  t h e  
ensuing  20 y e a r s ,  t h e r e  have been 101 launches .  Eighty-seven of t h e s e  launches  have been succes s fu l .  

The Scout v e h i c l e  i s  t h e  s m a l l e s t  launch  v e h i c l e  employed by NASA. It is  a four- stage ,  s o l i d  p r o p e l l a n t  launch 
v e h i c l e .  
1.14 meters (3.75 f e e t ) .  It i s  capab le  of p l a c i n g  a 180 ki logram (400 pound) payload i n  a 556 k i lome te r  (300 n a u t i c a l  
mi le)  o r b i t .  

The v e h i c l e  i s  approximately 22.4 meters i n  l e n g t h  (73 f e e t )  and t h e  f i r s t  s t a g e  b o o s t e r  h a s  a d iameter  of  

The Langley Research Center ,  l o c a t e d  a t  Hampton, V i r g i n i a ,  h a s  managed t h e  Scout p r o j e c t  s i n c e  i t s  incep t ion .  
prime c o n t r a c t o r  f o r  t h e  product ion ,  checkout ,  and launch of Scout i s  t h e  Ling-Temco-Vought Aerospace Corporat ion,  
l o c a t e d  in Dallas, Texas. Scout v e h i c l e s  are launched from t h e  Western Space and Missile Center ,  C a l i f o r n i a ;  from 
Wallops I s l a n d ,  V i r g i n i a ;  and from t h e  San Marco Pla t form o f f  t h e  Afr ican  c o a s t  n e a r  Kenya. 

The 

CEAl9GES FpQlI FY 1981 BUDGm ESTIMATE: 

The FY 1981 budget  h a s  been reduced by $1.3 m i l l i o n  i n  t h e  Scout program t o  accomodate t h e  o v e r a l l  r educ t ion  i n  t h e  
amount app rop r i a t ed  f o r  FY 1981. 

BASIS FOB FY J982 ESTIMATE: 

The funds  r e q u i r e d  i n  FY 1982 w i l l  b e  used f o r  eng inee r ing ,  t e c h n i c a l  suppor t ,  v e h i c l e  t e s t i n g  and checkout ,  l aunch  
FY 1982 funds  w i l l  p rovide  f o r  p r e p a r a t i o n  and o p e r a t i o n s  and maintenance of launch f a c i l i t i e s  and ground equipment. 

l aunch  of  two San Marco coope ra t ive  mi s s ions  from t h e  Afr ican  San Marco launch p la t form.  These launches  w i l l  complete 
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NASA's u s e  of  t h e  Scout launch v e h i c l e  by t h e  end of 1983. However, t h e  Scout v e h i c l e  system w i l l  be  cont inued t o  
suppor t  t h e  Department of Defense, a t  least through 1985, on a re imbursable  b a s i s .  

BASIS OF FY 1982 FUNDING REQUIREMENTS: 

1981 1982 
Current  Budget 1980 Budget 

E s t i m a t e  Actual  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

C e n t a u r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18,000 5,600 5,600 --- 
OBJECTIVES AND STATUS: 

T h i s  p r o j e c t  p rov ides  f o r  t h e  procurement and launch of t h e  A t l a s  b o o s t e r  s t a g e  and t h e  Centaur upper s t a g e .  The 
Centaur i s  a h igh  performance upper s t a g e ,  which i s  t h e  most powerful used by NASA f o r  automated miss ions .  It is  be ing  
used w i t h  t h e  A t l a s  b o o s t e r  f o r  h igh  energy m i s s i o n s ,  p a r t i c u l a r l y  p l a n e t a r y  and synchronous o r b i t s .  The Atlas Centaur 
vehicle i s  40 meters (131 f e e t )  i n  l e n g t h  and h a s  a d iamete r  of 3.1 meters (10 f e e t ) .  

BASIS OF FY 1982,ESTItWCE: 

No a p p r o p r i a t e d  funds  are r e q u i r e d  f o r  FY 1982 s i n c e  no NASA s p a c e c r a f t  are planned t o  b e  launched wi th  t h i s  v e h i c l e  
system. However, t h i s  v e h i c l e  w i l l  b e  used f o r  INTELSAT and DOD launches ,  a t  l e a s t  through 1984, f o r  which NASA will b e  
reimbursed.  

RD 3-4 



IW5IS OF FY 1982 FUNDING REQUIREUENTS: 

DELTA 

1981 1982 
1980 Budget Current Budg et 

A c t u a l  E s t i m a t e  Es t ima te  Es t ima te  
(Thousands of D o l l a r s )  

30,400 Delta.................................................. 43,100 47,900 47,900 

OBJECTIVES BlJD STATUS: 

The Del ta  l aunch  v e h i c l e  i s  t h e  most widely used v e h i c l e  i n  NASA's expendable launch v e h i c l e  f ami ly .  Since  i t s  f i r s t  

The f i r s t  
use  i n  1960, t h i s  v e h i c l e  has been u t i l i z e d  i n  153 launches  and has exper ienced a s u c c e s s  r ecord  of wer 91 pe rcen t .  It 
is p r e s e n t l y  o p e r a t i o n a l  w i t h  two and t h r e e  s t a g e  c o n f i g u r a t i o n s  and a mul t iburn  second s t a g e  c a p a b i l i t y .  
s t a g e  i s  a n  e longa ted  Thor b o o s t e r  wi th  t h r e e ,  s i x ,  o r  n i n e  s t rap- on s o l i d  motors f o r  t h r u s t  augmentation.  

The second s t a g e  D e l t a ,  which p rov ides  a m u l t i p l e  r e s t a r t  c a p a b i l i t y ,  u s e s  a n  i n e r t i a l  guidance system f o r  gu id ing  t h e  
f i r s t  s t a g e  b o o s t e r  and t h e  second s t a g e  Del ta .  The t h i r d  s t a g e  u t i l i z e s  t h e  Thiokol TE-364 s o l i d  motor, which i s  s p i n  
s t a b i l i z e d .  This  v e h i c l e ,  i n  i t s  th ree- s tage  c o n f i g u r a t i o n ,  i s  approximately  3 5  meters i n  l e n g t h  (115 f e e t )  and has a 
diameter  of 2.44 meters (8 f e e t ) .  It i s  capab le  of p lac ing  a 800 ki logram payload (2,000 pounds) i n t o  a synchronous 
t r a n s f e r  o r b i t .  

BASIS OF FY 1982 BUDGET ESTTWATE: 

The FY 1982 funding w i l l  b e  used t o  con t inue  t h e  Delta launch v e h i c l e  procurements i n i t i a t e d  i n  p r i o r  y e a r s  t o  suppor t  
NASA s p a c e c r a f t  requirements .  Funds a r e  a l s o  r e q u i r e d  f o r  t e c h n i c a l  and eng ineer ing  suppor t  t o  s u s t a i n  v e h i c l e  test and 
checkout and launch o p e r a t i o n s ,  and t o  suppor t  maintenance of launch f a c i l i t i e s  and ground equipment. 

This v e h i c l e  system, planned t o  b e  o p e r a t i o n a l  a t  l e a s t  u n t i l  1985, i s  t h e  most u t i l i z e d  of our  c u r r e n t  v e h i c l e s .  It 
i s  be ing  used t o  suppor t  backup S h u t t l e  u s e r  r equ i rements ,  on a re imbursable  b a s i s ,  € o r  launching miss ions  f o r  o t h e r  
United S t a t e s  government, commercial and i n t e r n a t i o n a l  miss ion u s e r s .  Development of a n  upra ted  second s t a g e  capab le  of 
p lac ing  a 1 ,232  k i logram payload (2,800 pounds) i n t o  a synchronous t r a n s f e r  o r b i t  i s  con t inu ing  on schedule .  
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BASIS OF FY 1982 FUNDIRG BEQUIREKIMT: 

ATLAS-F 

1981 1982 
1980 Budget Current Budget 

(Thousands of D o l l a r s )  
Est imate  Es t ima te  Actual  E s t i m a t e  

OBJECTIVES AND STATUS: 

The Atlas- F i s  a one and one-half s t a g e  v e h i c l e  which uses  l i q u i d  oxygen and kerosene a s  p r o p e l l a n t s .  The v e h i c l e  i s  
a r e f u r b i s h e d  s u r p l u s  i n t e r c o n t i n e n t a l  b a l l i s t i c  missile (ICBM) be ing  managed by  t h e  USAF f o r  space  miss ions .  NASA 
used t h i s  v e h i c l e  t o  launch t h e  TIROS-N and Seasat  miss ions  s u c c e s s f u l l y  dur ing 1978. 

BASIS OF pr! 1982 ESTIHATE: 

No a p p r o p r i a t e d  funds  a r e  r equ i red  € o r  FY 1982 s i n c e  t h i s  v e h i c l e  system i s  be ing  used on ly  i n  suppor t  of t h e  Na t iona l  
Oceanic and Atmospheric Adminis t ra t ion weather satellite launchce on a re imbursable  b a s i s .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Programs 

FISCAL YEAR 1982 ESTIMATES 

RESEARCH ANTI DEVELOPMENT BUDGET PLAN FOR SPACE SCIENCE PROGRAMS 

Budget Plan 
1981 1982 

1980 Budget Current Budget 
Estimate Estimate Estimate 
(Thousands of Dollars) 

Actual 

................................. Physics and astronomy. 336,800 438,700 344,700 451,400 

175,600 256,100 Planetary exploration 219,900 179,600 .................................. 
.......................................... L i f e  sciences 43,800 49,700 42,188 49,200 

600.500 668.ooo 562.488 756.700 ................................................ Total 

ss 1 



PHYSICS AND 
ASTRONOMY 



OFFICE OF SPACE SCIEHCE 

BESRARCE AND DEVEU3€"T 

FISCAL YEdB 1982 ESTIMATXS 

BUDGET SQJMRY 

PHYSICS AHD ASTROFWMY PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

Space t e l e s c o p e  (ST) development ....................... 
I n t e r n a t i o n a l  s o l a r  p o l a r  miss ion ( I s m )  

development .......................................... 
Gamma r a y  observa to ry  (GRO) development ................ 
Shut t l e /Space lab  payload development and 

miss ion  management ................................... 
Explorer development ................................... 
Mission o p e r a t i o n s  and d a t a  a n a l y s i s  (M06DA) ........... 
Research and a n a l y s i s  (R&A) ............................ 
S u b o r b i t a l  program ..................................... 
High energy astronomy o b s e r v a t o r i e s  (HEAO) 

development .......................................... 
Sola r  maximum miss ion (SMM) development ................ 

T o t a l  ................................................ 
D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center ................................... 
Kennedy Space Center ................................... 
Marshal l  Space F l i g h t  Center ........................... 
Goddard Space F l i g h t  Center  ............................ 
Jet Propu ls ion  .boratory .............................. 
Wallops F l i g h t  Center .................................. 
Ames Research .nter ................................... 
Langley Research Center ................................ 
Headquar ters  ........................................... 

T o t a l  ................................................ 

1981 1982 
1980 Budget Current Budget Page 

E s t  ima t e  Actual E s t i m a t e  E s t i m a t e  NO 
(Thousands of D o l l a r s )  

112. 700 11 9. 300 119. 300 119. 500 RD 4-8  

47. 900 39. 600 39. 600 58. 000 RD 4-10 ... 19 .  100 17.  600 52.  000 RD 4-12 

40. 600 29. 100  27. 400 51. 800 RD 4-14 
32. 300 33. 000 33. 000 36. 600 RD 4-16 

53. 500 RD 4-18 37. 100 38. 900 
33. 774 36. 700  38. 000 42. 500 RD 4- 21 
27. 226 30. 900 30. 900 37. 500 RD 4-26 

38. 900 

... ... ... ... 2, 100 ... ... ... ... 3 ,  100 

146 
2. 796 

154. 186 
79.  637 
51. 027 

5. 816 
14. 673 

675 
27. 844 

346. 600 

2. 415 
2. 358 

162. 401 
91.  245 
39. 292 

6.  874 
8. 368 

37 
33. 610 

344. 700 

1. 680 
4. 877 

158. 331 
83. 687 
48. 616 

7.  613 
12. 714 

37 
27. 145 

451. 400 

4. 594 
3. 503 

175. 872 
155. 454 

55. 701 
9 .  372 
8 .  913 

1 3  
37. 978 

451. 400 

RD 4-1 



FISCAL PBAB 1982 ESTIMATES 

OFFICE OF SPACE SCIENCE 

PROJECT 

I n t e r n a t i o n a l  So l a r  Po l a r  Mission 

Space Telescope 

Gamma Ray Observatory 

Space S u t t l e  O r b i t a l  F l i g h t  Test Payloads 

Spa ce lab  

(NASA Shutt le /Spacelab Payloads w i l l  b u i l d  t o  a 
1985) 

Explorers  : 

LAUNCH SCHEDULE 

MISSION 

ISPM 

ST 

GRO 

OSTA-1 
oss-1 

Spacelab 1 
Spacelab 2 

PEYSICS BHD ASTRONOWP PROGlWl 

CALENDAR 
YEAR 

1985 

1985 

1986 

1981 
1982 

1983 
1983 

f l i g h t  r a t e  of a p p r o x i m t e l y  5 equiva len t  Spacelab missions pe r  year  b y  

Dynamics Explorer  

San Wrco-D/Low Orbi t  
Sa n W rco-D/Multista t ionary  

Sola r  Mesosphere Explorer 

1981 

1982 
1983 

1981 

I n f r a r e d  Astronomical S a t e l l i t e  1982 

Cosmic Ray I so tope  Experiment 1981 
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PROJECT 

Sub orb i t a  1 Programs : 

Sounding Rockets 

Ea l l oon  Fl ights  

Airborne 

MISSION 

Ac t iv e Ma g net os phe r i c 
Part ic le  Tracer Explorer 

Extreme Ultraviolet  Explorer 

Cosmic Background Explorer 

CALENDAR 
YEAR 

1984 

1985 

1986 

About 60 launches per year 

About 2 0  launches per year 

About 80 f l i g h t s  per year 
with C-141 Airborne 
ab serva tory 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1982 ESTIMATES 

OFFICE OF SPACE SCIENCE PHYSICS AND ASTRONOMY PROGRAM 

PROGRAM OBJECTIVES lLBD JUSTIFICATIOBI: 

The major o b j e c t i v e  of  t h e  Phys ics  and Astronomy program i s  t o  i nc rease  our  knowledge and understanding of t h e  s o l a r -  
terrestrial space  environment and t h e  o r i g i n ,  evo lu t ion ,  s t r u c t u r e ,  and composition of t h e  un ive r se ,  inc luding  t h e  Sun, 
t h e  stars, and t h e  o t h e r  ce les t ia l  bodies .  Space-based r e sea rch  i s  be ing  conducted t o  i n v e s t i g a t e  t h e  phys i c s ,  chemis- 
t r y  and t h e  t r a n s p o r t  p rocesses  occu r r ing  i n  t h e  Earth's magnetosphere, ionosphere,  and atmosphere, and t h e  responses of 
t h e  t r a n s p o r t  p rocesses  t o  s o l a r  phenomena and v a r i a b i l i t y ;  t h e  s t r u c t u r e  and dynamics of t h e  Sun and i t s  long-and 
short- term v a r i a t i o n s ;  cosmic r ay ,  x- ray, u l t r a v i o l e t ,  o p t i c a l ,  i n f r a r e d ,  and r a d i o  emissions from stars, i n t e r s t e l l a r  
g a s  and d u s t ,  p u l s a r s ,  neut ron  s t a r s ,  quasa r s ,  b l ackho le s ,  and o t h e r  c e l e s t i a l  sources ;  and t h e  l a w s  governing t h e  in- 
t e r a c t i o n s  and processes  occurr ing  i n  t h e  universe .  
ground-based o b s e r v a t o r i e s  because of  t h e  obscuring o r  d i s t o r t i n g  e f f e c t s  of  t h e  Earth 's  atmosphere. 

Many of t h e  phenomena be ing  i n v e s t i g a t e d  are no t  d e t e c t a b l e  from 

To achieve  t h e  o b j e c t i v e s  of t h e  Physics  and Astronomy program, NASA employs t h e o r e t i c a l  and l a b o r a t o r y  r e s e a r c h ;  
a i r c r a f t ,  ba l l oon ,  and sounding rocke t  f l i g h t s ;  Shut t le /Space lab  f l i g h t s ;  and f r ee- f ly ing  s p a c e c r a f t .  
involved i n  t h e  Physics  and Astronomy program are loca t ed  a t  u n i v e r s i t i e s ,  i n d u s t r i a l  l a b o r a t o r i e s ,  NASA f i e l d  c e n t e r s ,  
and o t h e r  government l a b o r a t o r i e s .  

Research teams 

The s c i e n t i f i c  in format ion  obta ined  and t h e  technology developed i n  t h i s  program a r e  made a v a i l a b l e  t o  t h e  s c i e n t i f i c  
and t e c h n i c a l  communities f o r  a p p l i c a t i o n  t o  and t h e  advancement of s c i e n t i f i c  knowledge, educa t ion ,  and technology. 

The Phys ics  and Astronomy miss ions  undertaken t o  d a t e  have been e x t r a o r d i n a r i l y  succes s fu l .  The High Energy Astronomy 
Observa tor ies  (HEAO's) a r e  making a major c o n t r i b u t i o n  t o  our  understanding of t h e  h igh  energy processes  and of t h e  
d i s t r i b u t i o n  and c h a r a c t e r i s t i c s  of x- ray e m i t t i n g  o b j e c t s .  The Solar  Maximum Mission (SMM) has  answered several of t h e  
b a s i c  ques t ions  about t h e  processes  which occur i n  s o l a r  f l a r e s ,  and has  d e t e c t e d  day-to-day changes i n  t h e  t o t a l  amount 
of l i g h t  and h e a t  emi t ted  by t h e  Sun. Explorer sa te l l i t e s ,  a program invo lv ing  a series of r e l a t i v e l y  low c o s t  miss ions  
whose o r i g i n  d a t e s  back t o  t h e  beginning of our  country 's  space program, con t inue  t o  make major d i s c o v e r i e s  about 
ce les t ia l  phenomena, a s  w e l l  as t h e  n a t u r e  of  t h e  s o l a r  t e r r e s t r i a l  i n t e r a c t i o n s  and t h e i r  e f f e c t  on t h e  near-Earth 
environment. 
f i e l d s  and r o t a t i o n  probably combine t o  cause t h e  tremendous levels of s o l a r- l i k e  a c t i v i t y  w e  d e t e c t  i n  many classes o f  
cool  b i n a r y  stars. 
phere  Explorer  (AE) ha s  made a major breakthrough i n  ou r  understanding of  t h e  processes  by which s o l a r  u l t r a v i o l e t  

For example, t h e  I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer has  r e c e n t l y  provided evidence t h a t  s t e l l a r  magnetic 

This t ype  of in format ion  may l e a d  t o  a b e t t e r  understanding of t h e  Sun's v a r i a b i l i t y .  The Atmos- 
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r a d i a t i o n s  are absorbed by t h e  atmosphere and produce t h e  ionosphere,  and t h e  b a l a n c e  between t h e  chemical r e a c t i o n s  
t h a t  produce l a r g e  seasona l  l a t i t u d i n a l  and s o l a r  c y c l e  v a r i a t i o n s  a t  t h e  magnetosphere boundar ies .  Energy t r a n s f e r  
p rocesses  by magnetic warping from t h e  s o l a r  wind magnetic f i e l d  through t h e  magnetopause i n t o  t h e  magnetosphere have 
been observed. The AE h a s  a l s o  found s t r o n g  e lect rodynamic p rocesses  t h a t  send atmospheric c o n s t i t u e n t s  f a r  o u t  i n t o  
t h e  magnetosphere and s o l a r  wind c o n s t i t u e n t s  down i n t o  t h e  atmosphere, and h a s  examined t h e  a c c e l e r a t i o n  p rocesses  by 
which s o l a r  wind p a r t i c l e s  are hur led  back toward t h e  Sun wi th  h igh  energ ies .  These a c c e l e r a t i o n  processes  have c l e a r  
impl i- ca t ions  f o r  a s t r o p h y s i c s  and l a b o r a t o r y  energy genera to rs .  The e x p l o r e r  program p l a y s  a key r o l e  i n  development 
of technology and serves a s  a f u r t h e r  test oppor tun i ty  f o r  t h e  techniques  necessa ry  f o r  l a te r ,  more complex 
o b s e r v a t o r i e s .  

Major accomplishments dur ing  FY 1980 inc luded  t h e  launch,  on February 14, of  t h e  So la r  Maximum Mission (SMM). This  
s p a c e c r a f t  h a s  now observed over a thousand f l a r e s  s i n c e  launch,  us ing ins t ruments  which observed wavelengths ranging 
from t h e  h i g h e s t  energy gamma r a y s  down t o  v i s i b l e  l i g h t .  Major s c i e n t i f i c  r e s u l t s  from SMM i n c l u d e  t h e  d i scovery  t h a t  
t h e  x- rays g iven  o f f  dur ing s o l a r  f l a r e s  are produced by beams of high speed e l e c t r o n s  which shower down on t h e  Sun's 
s u r f a c e  when a f l a r e  goes o f f ,  and t h e  measurement of t h e  reduc t ion  i n  t h e  t o t a l  amount of l i g h t  emit ted by t h e  Sun due 
t o  t h e  darkening of sunspots .  

The second of t h e  High Energy Astronomy Observa to r ies  (HEAO) series, HEAO-2, i s  c u r r e n t l y  c a r r y i n g  out  a p re l iminary  
survey  of  t h e  sky f o r  gamma r a y  l i n e s  and i s  measuring t h e  composit ion of cosmic r a y  p a r t i c l e s .  S i g n i f i c a n t  s c i e n t i f i c  
r e s u l t s  ob ta ined  from t h e  HEAO miss ions  t o  d a t e  i n c l u d e  t h e  d i scovery  by HEAO-1 of more than 1,000 new x-ray s o u r c e s ,  
t h e  demonstra t ion by HEAO-2 t h a t  a much wider v a r i e t y  of s t a r s  e m i t  x- rays i n  g r e a t e r  q u a n t i t i e s  than p rev ious ly  
p r e d i c t e d ,  and new in format ion  provided by HEAO-3 h a s  provided new in format ion  on t h e  d e t a i l e d  composit ion of  cosmic 
r a y s  i n  t h e  i r o n ,  n i c k e l ,  and c o b a l t  group of elements.  
ins t ruments  have been flown on c o r r e l a t i v e  f l i g h t s  dur ing  t h e  o p e r a t i o n  of  t h e  So la r  Maximum Mission. Major p rogress  
was a l s o  made i n  t h e  development of experiments and o t h e r  f l i g h t  equipment f o r  f u t u r e  phys ics  and astronomy miss ions .  
The Space Telescope, t h e  I n t e r n a t i o n a l  So la r  P o l a r  Mission, t h e  Dynamics Explore r s ,  t h e  I n f r a r e d  Astronomical S a t e l l i t e ,  
and t h e  So la r  Mesosphere Explorer are i n  v a r i o u s  s t a g e s  of f l i g h t  development. The development of t h e  ins t ruments  which 
w i l l  b e  flown on one of  t h e  S h u t t l e  o r b i t a l  f l i g h t  tests,  OSS-1, progressed i n  FY 1980 w i t h  most of t h e  ins t ruments  
completed and placed i n t o  s t o r a g e  u n t i l  s h o r t l y  b e f o r e  t h e  launch. 
d a t a ,  e v a l u a t e  t h e  ambient and induced S h u t t l e  environment, and provide d a t a  on payload thermal c o n t r o l  technology. 
S i g n i f i c a n t  p rogress  h a s  a l s o  been made i n  t h e  p r e p a r a t i o n  of t h e  Spacelab 1 and 2 miss ions ,  which a r e  o p e r a t i o n a l  
demonstra t ion f l i g h t s  of  Spacelab hardware t h a t  t h e  European Space Agency developed. During FY 1980, d e f i n i t i o n  work 
w a s  c a r r i e d  o u t  on t h e  i n i t i a l  follow-on Shut t l e lSpace lab  phys ics  and astronomy exper iments ,  some of which w i l l  f l y  as 
e a r l y  as 1984. The Chemical Release Module development c o n t r a c t  w a s  l e t  i n  FY 1980, and d e f i n i t i o n  of  t h e  S h u t t l e  
I n f r a r e d  Telescope F a c i l i t y  i s  cont inuing.  The So la r  Opt ica l  Telescope development w i l l  be  i n i t i a t e d  i n  FY 1981. 

Several sounding rocke t  payloads of s p e c i a l i z e d  x-ray 

The experiments on OSS-1 w i l l  g a t h e r  s o l a r  phys ics  
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I n  FY 1981, t h e  Gamm Ray Observatory ins t rument  and spacec ra f t  des ign  and development w i l l  b e  i n i t i a t e d ,  l ead ing  t o  
a n  e a r l y  1986 launch.  The Gamma Ray Observatory i s  a comprehensive miss ion designed t o  s tudy t h e  f u l l  sky mer t h e  
t o t a l  range of t h e  gamm r a y  ene rg ies .  Gamma r a y s  a r e  t h e  most e n e r g e t i c  e l e c t r o m g n e t i c  r a d i a t i o n  known. It i s  
b e l i e v e d  that  t h e i r  s tudy w i l l  reveal d e t a i l s  of fundamental cosmic nuc lea r  and high energy p rocesses ,  e s p e c i a l l y  t h o s e  
occurr ing i n  a c t i v e  g a l a x i e s  and quasa r s  a s  w e l l  a s  i n  supernovae. 

I n  FY 1981, development a c t i v i t i e s  w i l l  con t inue  on t h e  Space Telescope which w i l l  a l l o w  r e s e a r c h  a t  t h e  f o r e f r o n t  of  
o p t i c a l  and u l t r a v i o l e t  astronomy f o r  decades.  Work w i l l  a l s o  con t inue  on t h e  I n t e r n a t i o n a l  So la r  Po la r  Mission which 
w i l l  b e  t h e  f i r s t  miss ion t o  exp lo re  t h e  three-dimensional  space  around t h e  Sun. The Dynamics Explorer ,  which w i l l  
i n v e s t i g a t e  t h e  i n t e r a c t i o n  of t h e  Ear th ' s  magnetosphere and ionosphere ,  i s  i n  f i n a l  i n t e g r a t i o n  and test  l ead ing  t o  a 
launch i n  1981. Development w i l l  con t inue  on t h e  I n f r a r e d  Astronomical S a t e l l i t e  (IRAS), a coopera t ive  miss ion wi th  t h e  
Netherlands and t h e  United Kingdom, l ead ing  t o  a launch i n  1982. The IRAS w i l l  perform a n  a l l - s k y  survey of i n f r a r e d  
sources ,  and w i l l  s tudy  i n  more d e t a i l ,  s e l e c t e d  g a l a c t i c  and e x t r a g a l a c t i c  sources .  Development work on t h e  San Marco- 
D miss ions ,  which a r e  coopera t ive  miss ions  w i t h  I t a l y ,  w i l l  b e  cont inued,  l ead ing  t o  launches  i n  1982 and 1983. De-  
velopment w i l l  a l s o  b e  continued on t h e  Cosmic Ray I so tope  Experiment, which w i l l  b e  launched on a Department of Defense 
s a t e l l i t e  i n  1981, and on t h e  So la r  Mesosphere Explorer which w i l l  a l s o  b e  launched in 1981. The So la r  Mesosphere 
Explorer w i l l  determine s o l a r  u l t r a v i o l e t  f l u x ,  and s tudy corresponding changes occurr ing i n  ozone and r e l a t e d  chemis t ry  
a s  a r e s u l t  of  t h e  u l t r a v i o l e t  r a d i a t i o n .  Development a c t i v i t y  w i l l  b e  i n i t i a t e d  i n  l a t e  FY 1981 on t h e  Act ive  
Magnetospheric P a r t i c l e  Tracer Explorer (AMPTE), a coopera t ive  program with  t h e  Federa l  Republic of Germny, which w i l l  
s tudy t h e  s o l a r  wind a t  t h e  s u b s o l a r  po in t  and i d e n t i f y  p a r t i c l e  e n t r y  windows, e n t r y  mechanisms, e n e r g i z a t i o n  p rocesses  
and t r a n s p o r t  p rocesses  i n t o  t h e  magnetosphere. 

CHANGES FROM FY 1981 BUDGET ESTIMATE: 

The c u r r e n t  estimate f o r  t h e  J?Y 1981 Physics  and Astronomy program i s  $1.9 m i l l i o n  below t h e  budget estimate, a s  a n e t  
r e s u l t  of s p e c i f i c  ad jus tmen t s  rnade t o  t h e  program by t h e  Congress, t o g e t h e r  wi th  t h e  a p p l i c a t i o n  t o  t h i s  program of a 
p o r t i o n  of t h e  g e n e r a l  Congressional  r educ t ion  t o  t h e  a p p r o p r i a t i o n s  r eques t .  
Ray Observatory ( m d e  p o s s i b l e  due t o  t h e  delayed s t a r t  of development caused by  Continuing Resolut ion r e s t r i c t i o n s )  and 
$1.7 m i l l i o n  i n  Spacelab payload development and miss ion management were o f f s e t  by a n  i n c r e a s e  of $1.3 m i l l i o n  i n  
r e s e a r c h  and a n a l y s i s .  

Decreases of $1.5 m i l l i o n  i n  t h e  Gamm 

BASIS OF FY 1982 ESTIMATES: 

FY 1982 funding w i l l  pruvide  f o r  t h e  launch of t h e  space  s c i e n c e  payload (OSS-I) which i s  t o  b e  flown on a S h u t t l e  
o r b i t a l  f l i g h t  t es t ,  and launch of t h e  I n f r a r e d  Astronomical S a t e l l i t e  a s  w e l l  a s  t h e  f i r s t  of t h e  San Marco-D 
miss ions .  Development work w i l l  con t inue  on t h e  Space Telescope,  t h e  I n t e r n a t i o n a l  So la r  P o l a r  Mission,  t h e  Gamm Ray 
Observatory,  and t h e  Active Magnetospheric P a r t i c l e  Tracer  Explorer (AMPTE). FY 1982 funding will suppor t  t h e  cont inued 
development of t h e  Chemical Release Module and t h e  So la r  O p t i c a l  Telescope. 
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I n  N 1982, work w i l l  con t inue  on t h e  miss ion management e f f o r t s  f o r  a l l  NASA Spacelab payloads.  The FY 1982 funds  
will provide  f o r  t h e  continued ins t rument  development and miss ion management f o r  Spacelabs 1 and 2 ,  and f o r  ins t rument  
development and miss ion  management a c t i v i t i e s  f o r  f u t u r e  Spacelab miss ions .  

N 1982 miss ion o p e r a t i o n s  and da ta  a n a l y s i s  a c t i v i t i e s  w i l l  focus  on t h e  o p e r a t i o n  and a n a l y s i s  of data from 
s a t e l l i t e s  which a r e  producing v a l u a b l e  s c i e n t i f i c  d a t a .  These s a t e l l i t e s  i n c l u d e  t h e  So la r  Maximum Mission, HEAO-3, 
t h e  I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer ,  t h e  In te rna t iona  1 Sun Earth Explorers ,  and t h e  I n t e r p l a n e t a r y  Monitoring 
Pla t form (IMP-J). M s s i o n  o p e r a t i o n s  and data  a n a l y s i s  w i l l  a l s o  b e  underway f o r  t h e  Dynamics Explorers  and f o r  t h e  
Solar  Mesosphere Explorer (SME).  I n  a d d i t i o n ,  FY 1982 funding w i l l  suppor t  t h e  a n a l y s i s  of t h e  data  acqu i red  b y  t h e  
h igh ly  s u c c e s s f u l  OAO-3, SAS-C, and HEAO-1 and -2 a s  w e l l  a s  p r e p a r a t i o n s  f o r  s c i e n c e  o p e r a t i o n s  f o r  t h e  Space 
Telescope. 

The FY 1982 s u b o r b i t a l  program w i l l  p rovide  f o r  c o n t i n u a t i o n  of sounding rocket  a c t i v i t y  and cont inuing s c i e n t i f i c  
i n v e s t i g a t i o n  through b a l l o o n  and a i r c r a f t  f l i g h t s .  

Research and a n a l y s i s  FY 1982 funding w i l l  suppor t  a broad range of e f f o r t s  t o  provide  t h e  r e s e a r c h  and technology 
b a s e  requ i red  f o r  w e l l  conceived and de f ined  f u t u r e  programs. I n  t h e  suppor t ing resea rch  and technology program, t a s k s  
c r i t i c a l  t o  mainta ining a f i r m  s c i e n t i f i c  b a s e  f o r  phys ics  and astronomy w i l l  cont inue.  I n  t h e  a r e a  of advanced 
technology dwelopment ,  des ign  and d e f i n i t i o n  w i l l  b e  c a r r i e d  out f o r  p o t e n t i a l  f u t u r e  miss ions ,  inc lud ing  
Shut t le /Spacelab payloads and f ree- f ly ing  s p a c e c r a f t .  The data  a n a l y s i s  a c t i v i t y  w i l l  i n c l u d e  o p e r a t i o n  of t h e  Nat ional  
Space Science h t a  Center (NSSDC) and g e n e r a l  da ta  a n a l y s i s  a c t i v i t i e s .  
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M I S  OF FY 1982 FUNDING BEQUIBPZZENT: 

SPACE TELESCOPE (ST) DEVELOPMENT 

1981 1982 
1980 Budget Current Budget 

E s t  i m  t e 
(Thousands of D o l l a r s )  

E s t  im  t e E s t  i m  t e Actual 

............................................. Spacecraf t  76,900 95,100 85 , 000 83 , 500 
36,000 Experiments....... 35,800 24,200 34,300 ..................................... 

Tota l .  ............................................... 112,700 11 9,3 00 119,500 

Space t r a n s p o r t a t i o n  system ope ra t ions . .  (3 00) (3,200) (500) (3 7 000) 

11 9,300 

................. . (6,700) (6,700) (15,200) Mission o p e r a t i o n s  and da ta  ana l y s i s . .  (1 800) ............... 
OaTECTIvES m STATUS: 

The Space Telescope w i l l  make a major c o n t r i b u t i o n  t o  understanding t h e  s t a r s  and g a l a x i e s ,  and t h e  n a t u r e  and 
behavior  of t h e  g a s  and dust  between them; and t h e  broad ques t ion  of t h e  o r i g i n  and s c a l e  of t h e  universe .  
space  above t h e  atmospheric  v e i l  surrounding t h e  Ear th ,  t h e  Space Telescope w i l l  i n c r e a s e  by  s e v e r a l  hundredfold t h e  
volume of space  a c c e s s i b l e  f o r  observa t ions .  With i t s  s i g n i f i c a n t  improvements i n  r e s o l u t i o n  and p r e c i s i o n  i n  l i g h t  
s e n s i t i v i t y  and i n  wavelength coverage, t h e  Space Telescope w i l l  permit s c i e n t i s t s  t o  conduct i n v e s t i g a t i o n s  t h a t  could 
never  b e  c a r r i e d  out using ground-based o b s e r v a t o r i e s  due t o  t h e  obscuring and d i s t o r t i n g  e f f e c t s  of t h e  Earth 's  
atmosphere. 

Operating i n  

The Space Telescope w i l l  enhance t h e  a b i l i t y  of astronomers t o  s tudy  r a d i a t i o n  i n  t h e  v i s i b l e  and u l t r a v i o l e t  r eg ions  
of t h e  spectrum. 
o b j e c t s  under s tudy .  
b i l l i o n s  of yea r s  t o  reach  us.  
Space Telescope w i l l  a l s o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  s tudy  of t h e  e a r l y  s t a g e s  of s t a r s  and t h e  formation of s o l a r  
systems a s  w e l l  a s  t o  t h e  obse rva t ion  of such h igh ly  evolved o b j e c t s  a s  supernova remnants and whi te  dwarf s t a r s .  With 
t h e  Space Telescope,  w e  may b e  a b l e  t o  determine t h e  n a t u r e  of quasa r s ,  and t h e  processes  by  which they  emit such 
enormous amounts of energy,  and i t  may a l s o  b e  p o s s i b l e  t o  determine whether some nearby s t a r s  have p l ane t a ry  systems. 

It w i l l  b e  more s e n s i t i v e  t han  ground-based t e l e scopes  and w i l l  r ecord  g r e a t e r  d e t a i l  about  t h e  
It w i l l  make p o s s i b l e  o b s e w a t i o n  of o b j e c t s  s o  remote that t h e  l i g h t  w i l l  have taken  many 

A s  a r e s u l t ,  w e  w i l l  b e  a b l e  t o  look f a r  i n t o  t h e  d i s t a n t  pa s t  of our  universe .  The 
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The Space Telescope w i l l  b e  a n  automated observa tory ,  de l ive red  i n t o  o r b i t  b y  t h e  Shu t t l e .  Data from i t s  s c i e n t i f i c  
ins t ruments  w i l l  be t r ansmi t t ed  t o  Ear th  v i a  t h e  t r ack ing  and data r e l a y  s a t e l l i t e  system. The Space Telescope w i l l  
d i f f e r  from e x i s t i n g  automated sa te l l i t e s  i n  that i t s  des ign  w i l l  permit i n- orb i t  maintenance, r e p a i r ,  and r e t r i e v a l  by  
t h e  Space S h u t t l e  f o r  r e t u r n  t o  Ear th ,  refurbishment  and reuse .  

A d e t a i l e d  schedule  and cos t  review h a s  been  conducted on t h e  Space Telescope p r o j e c t ,  and based  on t h e  r e s u l t s  o f  
t h i s  review, a new launch date and estimate of c o s t  through completion has been  e s t a b l i s h e d .  The r ev i sed  launch d a t e  
f o r  t h e  Space Telescope i s  t h e  f i r s t  h a l f  o f  1985, a s  opposed t o  l a t e  1983 which was t h e  o r i g i n a l  launch da t e .  The 
r w i s e d  e s t i m a t e  f o r  t h e  c o s t  through completion f o r  t h e  Space Telescope development i s  $700-$750 m i l l i o n  i n  FY 1982 
d o l l a r s  a s  opposed t o  $540-$595 m i l l i o n  which was t h e  o r i g i n a l  e s t ima te  i n  terms of FY 1982 d o l l a r s .  

During FY 1980, continued progress  was made i n  t h e  des ign  and development of t h e  Space Telescope. The primary m i r r o r  
b l a n k s  a r e  i n  t h e  f i n a l  s t a g e s  of po l i sh ing .  One primary mi r ro r  i s  be ing  pol i shed  b y  a new computer- controlled 
po l i sh ing  machine. This  technique  was demonstrated b y  po l i sh ing  a 60-inch mi r ro r  t o  Space Telescope s p e c i f i c a t i o n s .  
The backup t o  t h e  f l i g h t  primary mi r ro r  i s  be ing  po l i shed ,  using t r a d i t i o n a l  manually c o n t r o l l e d  po l i sh ing  machines. 
The o p t i c a l  t e l e s c o p e  assembly c o n t r a c t o r  completed des ign  a c t i v i t i e s  lead ing  t o  t h e  c r i t i c a l  des ign  reviews ( C D R s )  i n  
t h e  l a s t  h a l f  of FY 1980. bhnufacturing was i n i t i a t e d  fol lowing t h e s e  r e v i e w s .  The CDRs f o r  t h r e e  of t h e  f i v e  science 
ins t ruments  w e r e  conducted i n  FY 1980. The f o u r t h  CDR was completed i n  e a r l y  FY 1981 and t h e  f i n a l  instrument  CDR i s  
scheduled f o r  t h e  sp r ing  of 1981. In a d d i t i o n ,  a CDR was completed on t h e  system f o r  t h e  c o n t r o l  and da ta  handling f o r  
t h e  s c i e n t i f i c  ins t ruments .  The metering t r u s s  assembly which s e p a r a t e s  t h e  primary and secondary mi r ro r s  has been  
completed. A po in t ing  c o n t r o l  system development tes t ,  which inc luded  pre l iminary  so f tware ,  f l i g h t  hardware, and 
s imu la to r s ,  was completed by  t h e  support  systems module c o n t r a c t o r .  

FY 1981 a c t i v i t i e s  cont inue  t o  support  d e t a i l e d  des ign ,  development, and manufacture of t h e  o p t i c a l  t e l e scope  
assembly,  t h e  support  systems module, and t h e  s c i e n t i f i c  ins t ruments .  Pol i sh ing  of t h e  f l i g h t  primary mir ror  w i l l  b e  
completed i n  1981. A systems i n t e r f a c e  r e v i e w  f o r  t h e  support  systems module, o p t i c a l  t e l e s c o p e  assembly,  and t h e  
s c i e n t i f i c  i n s t rumen t s  i s  scheduled f o r  mid-1981. 

CHAt?GES FBon FY 1981 BUDGET ESTIMATE: 

The t o t a l  FY 1981 funding requirement f o r  t h e  Space Telescope development i s  unchanged. However, t h e r e  i s  a 
r e d i s t r i b u t i o n  between t h e  spacec ra f t  and experiments  due t o  a rephasing of t h e  program c o n s i s t e n t  wi th  a 1985 launch  
da te .  
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B S I S  OF FY 1982 ESTlHATE: 

FY 1982 funding w i l l  support  t h e  f a b r i c a t i o n  and assembly a c t i v i t i e s  of t h e  o p t i c a l  t e l e scope  assembly (OTA), t h e  
s c i e n t i f i c  ins t ruments  and t h e  support  systems module. The f a b r i c a t i o n  and assembly of t h e  s c i e n t i f i c  ins t ruments  i s  
scheduled t o  b e  completed i n  e a r l y  1983, wi th  v e r i f i c a t i o n  t e s t i n g  t o  fo l low.  The primary mi r ro r  of t h e  o p t i c a l  
t e l e s c o p e  assembly i s  scheduled t o  b e  completed, and assembly of t h e  OTA subsystems i s  scheduled t o  cont inue  i n  FY 
1982. The c r i t i c a l  des ign  r e v i e w  of t h e  support  systems module w i l l  b e  completed i n  FY 1982. 

BASIS OF FY 1982 FUNDING REQUIREMENTS: 

INTERNATIONAL SOLAR POLAR MISSION (ISPM) DEVELOPMENT 

1981 
1980 Budget Current 

Actual  E s t  im t e Est imate 
(Thousands of Do l l a r s )  

Spacecraft . .  ........................................... 27,700 26,300 21,200 
Experiments..... ....................................... 19,000 12,000 17,000 
Ground ope ra t ions .  ..................................... 1,200 1,300 1,400 

Total................................................ 47,900 39,600 3 9,600 

Space t r a n s p o r t a t i o n  system opera t ions . .  ............... (2,400) (3,200) (1 0,3 00) 

OBJECTIVES AND STATUS: 

1982 
Budget 

Est irna t e 

47,734 
7,830 
2,436 

58,000 

(2 1,3 00) 

The I n t e r n a t i o n a l  So la r  Po la r  Mission i s  a j o i n t  NASA and European Space Agency (ESA) mission designed t o  o b t a i n  t h e  

The two spacec ra f t  w i l l  a i d  i n  t h e  s tudy  of  t h e  r e l a t i o n s h i p  between t h e  Sun and i t s  
f i r s t  view of t h e  s o l a r  system from a new p e r s p e c t i v e- a  v iew from f a r  a b w e  and f a r  below t h e  p lane  i n  which t h e  
p l a n e t s  o r b i t  t h e  Sun's equator .  
m g n e t i c  f i e l d  and p a r t i c l e  emissions ( s o l a r  wind and cosmic r a y s )  a s  a f u n c t i o n  of s o l a r  l a t i t u d e ,  and hence m y  a l l o w  
us  t o  g a i n  i n s i g h t  i n t o  t h e  p o s s i b l e  e f f e c t s  of s o l a r  a c t i v i t y  on t h e  Earth 's  weather and climate. 
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NASA and ESA w i l l  each provide one spacec ra f t  of approximately equal  and complementary c a p a b i l i t i e s .  Science 
experiments  have been  a s s igned  t o  each of t h e  two spacec ra f t  by a j o i n t  s e l e c t i o n  committee. Launch, t r ack ing  and da t a  
a c q u i s i t i o n ,  and mission ope ra t ions  w i l l  b e  c a r r i e d  out b y  NASA, wi th  ESA p a r t i c i p a t i o n .  

Employing a concept t h a t  e x p l o i t s  t h e  g r a v i t a t i o n a l  p u l l  of J u p i t e r ,  t h e  launch of t h e  ISPM i s  scheduled f o r  1985. 
The NASA and ESA spacec ra f t  w i l l  b e  launched b y  t h e  space t r a n s p o r t a t i o n  system on a t r a j e c t o r y  t o  J u p i t e r .  
g r a v i t a t i o n a l  f o r c e  of J u p i t e r  w i l l  b e  used t o  swing t h e  two spacec ra f t  on mi r ro r  image cou r se s  (nor th  and south)  back  
around t h e  Sun, t o  s o l a r  l a t i t u d e s  a s  h igh  a s  80'. 

The 

The ISPM p r o j e c t  underwent some descoping i n  mid-1980 t o  con ta in  t h e  amount of cos t  growth due t o  t h e  change i n  
launch date from 1983 t o  1985. 
n o t ,  however, a f f e c t  t h e  s c i e n c e  r e t u r n  of t h e  miss ion  i n  any  major way a s  t h e  descoping was b a s i c a l l y  confined t o  
redundant sc ience .  Negot ia t ions  have been  completed wi th  t h e  ISPM c o n t r a c t o r s  f o r  t h e  1985 launch. 

This change was a r e s u l t  of t h e  FY 1981 Budget Admendment. The sc i ence  descoping should 

CJ3ANGE FROM FY 1981 BUDGET ESTIMATE: 

The t o t a l  FY 1981 funding requirement f o r  t h e  I n t e r n a t i o n a l  So la r  Po la r  Mission development i s  unchanged. However 
t h e r e  i s  a r e d i s t r i b u t i o n  among s p a c e c r a f t ,  experiments  and ground ope ra t ions  due t o  f u r t h e r  d e f i n i t i o n  of t h e  
requirements  r e s u l t i n g  from t h e  launch d a t e  be ing  changed from 1983 t o  1985. 

M I S  OF FY 1982 ESTIMATE: 

During FY 1982, t h e  spacec ra f t  development a c t i v i t i e s  w i l l  cont inue.  They w i l l  focus  on p repa ra t i on  f o r  t h e  c r i t i c a l  
des ign  review (CDR) i n  e a r l y  FY 1983. During FY 1982, most experiment f l i g h t  hardware product ion  w i l l  b e  i n i t i a t e d .  In 
a d d i t i o n ,  f u l l - s c a l e  development a c t i v i t i e s  on t h e  ISPM miss ion  ope ra t ions  system des ign  w i l l  b eg in  wi th  t h e  pre l iminary  
des ign  r e v i e w  scheduled f o r  mid-1983 and t h e  CDR scheduled f o r  l a t e  1983. 
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BASIS OF FY 1982 FUNDING BEQUIREKENTS: 

GAMMA RAY OBSERVATORY (GRO) DEVELOPMENT 

1980 Budget Current  Budget 

(Thousands of D o l l a r s )  
E s t i m a t e  Actual E s t i m a t e  E s t i m a t e  

Spacecraft................................. ............ --- 2,830 2,700 30,000 

Ground operations..................... ................. - --- 170 100 1,400 
~periments............................................ --- 16,100 14,800 20,600 

52,000 Total................................................ - --- 19,100 17,600 - 

OBJECTIVES ANTI STATUS: 

The o b j e c t i v e  of t h e  Gamma Ray Observatory (GRO) miss ion i s  t o  measure gamma r a y  r a d i a t i o n  from t h e  un ive r se  and, 
t h u s ,  t o  exp lo re  t h e  fundamental phys ica l  p rocesses  powering it. Cer ta in  c e l e s t i a l  phenomena are a c c e s s i b l e  on ly  a t  
gamma r a y  e n e r g i e s .  The o b s e r v a t i o n a l  o b j e c t i v e s  of  GRO are: t o  sea rch  f o r  d i r e c t  evidence of  t h e  s y n t h e s i s  of t h e  
chemical e lements ;  t o  observe high energy a s t r o p h y s i c a l  processes  occur r ing  i n  supernovae,  neutron s tars  and b lack  
h o l e s ;  t o  l o c a t e  gamma r a y  b u r s t  sources ;  t o  measure t h e  d i f f u s e  gamma r a y  r a d i a t i o n  f o r  cosmological  evidence of i t s  
o r i g i n ;  and t o  sea rch  f o r  unique gamma r a y  emi t t ing  o b j e c t s .  

Gamma r a y s  r e p r e s e n t  one of t h e  l a s t  f r o n t i e r s  of t h e  e l ec t romagne t i c  spectrum t o  b e  explored because t h e  r equ i red  
technology h a s  on ly  r e c e n t l y  been developed. The low f l u x  levels of gamma r a y  quanta ,  and t h e  h igh background they 
produce through t h e i r  i n t e r a c t i o n  wi th  t h e  Ear th ' s  atmosphere, coupled wi th  t h e  demand f o r  b e t t e r  s p e c t r a l ,  s p a t i a l ,  and 
temporal r e s o l u t i o n  of source  f e a t u r e s ,  combine t o  r e q u i r e  t h a t  l a r g e  gamma r a y  ins t ruments  be flown i n  space  f o r  a 
prolonged per iod.  Gamma r a y s  provide  unique informat ion on t h e  most a s t ronomica l ly  i n t r i g u i n g  o b j e c t s  y e t  d iscovered,  
inc lud ing  quasa r s ,  neutron stars,  and b l a c k  ho les .  Astronomy i s  now t o  t h e  p o i n t  where our understanding of t h e s e  
o b j e c t s  i s  being s e r i o u s l y  impaired by l a c k  of d a t a  i n  t h e  gamma r a y  reg ion  of  t h e  spectrum. 
gamma r a y  astronomy h a s ,  t h e r e f o r e ,  c o n s i s t e n t l y  been given high p r i o r i t y  by t h e  s c i e n c e  community. 

Comprehensive r e s e a r c h  i n  

The GRO w i l l  be  launched by t h e  Space S h u t t l e .  The s p a c e c r a f t  i s  designed t o  accommodate several gamma r a y  
ins t ruments .  It i s  planned t h a t  t h e  m a j o r i t y  of t h e  ins t ruments  w i l l  have t h e i r  p r i n c i p a l  axes  po in t ing  i n  t h e  s a m e  
d i r e c t i o n ,  and t h e  s p a c e c r a f t  w i l l  p o i n t  t h e s e  ins t ruments  i n  a f i x e d  d i r e c t i o n  i n  space  f o r  long pe r iods  of t i m e  (hours  t o  
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weeks). 
and seasona l  c o n s t r a i n t s .  

The a c c e s s i b i l i t y  of d i f f e r e n t  r eg ions  of space  a t  any g iven  t i m e  w i l l  on ly  b e  l i m i t e d  by s o l a r  a r r a y  po in t ing  

During FY 1980, a compet i t ive  procurement l e d  t o  t h e  s e l e c t i o n  of two Phase B s tudy  c o n t r a c t o r s ,  who completed 
p a r a l l e l ,  independent mission concept s t u d i e s .  
1980. FY 1981 a c t i v i t i e s  i n c l u d e  t h e  s e l e c t i o n  of t h e  miss ion  systems c o n t r a c t o r ,  i n i t i a t i o n  of s p a c e c r a f t  de s ign  and 
development, conf i rmat ion  of t h e  s c i e n t i f i c  ins t ruments ,  and i n i t i a t i o n  of t h e  development c o n t r a c t s  f o r  t h e  i n s t r u-  
ments. The des ign  and development was o r i g i n a l l y  planned t o  b e  i n i t i a t e d  i n  e a r l y  FY 1981; however, t h e s e  ac t iv i t i e s  
have been delayed by approximately s i x  months p r i m a r i l y  due t o  t h e  Continuing Resolu t ion  r e s t r i c t i o n  on implementing 
t h e s e  e f f o r t s  pending f i n a l  a c t i o n  on  t h e  a p p r o p r i a t i o n  r eques t  f o r  FY 1981. The e f f e c t  of t h i s  de l ay  on t h e  t o t a l  c o s t  
and schedule  i s  y e t  t o  b e  determined. 

D e f i n i t i o n  of t h e  s c i e n t i f i c  ins t ruments  a l s o  was completed i n  FY 

CHANGES FROn FY 1981 BUDGET ESTIMATES: 

The $1.5 m i l l i o n  decrease  from t h e  FY 1981 budget e s t i m a t e  i s  due t o  t h e  Congressional  g e n e r a l  r educ t ion  i n  t h e  
o v e r a l l  app rop r i a t i on  r eques t .  This  r educ t ion  i n  GRO funding is  p o s s i b l e  because of t h e  d e l a y  i n  t h e  i n i t i a t i o n  of t h e  
GRO a c t i v i t i e s  from e a r l y  t o  mid-FY 1981 f o r  t h e  reason  i n d i c a t e d  above. 

BASIS FOR PY 1982 ESTIMATES: 

The FY 1982 funding is  r equ i r ed  t o  con t inue  t h e  GRO des ign  and development a c t i v i t i e s  which were i n i t i a t e d  i n  FY 1981. 
The mission system c o n t r a c t o r  w i l l  f i n a l i z e  e l e c t r i c a l  and mechanical i n t e r f a c e s  wi th  bo th  t h e  s c i e n t i f i c  ins t ruments  
and t h e  Space S h u t t l e .  Drawings f o r  f a b r i c a t i o n  w i l l  be  r e l e a s e d  and sof tware  s p e c i f i c a t i o n s  f o r  t h e  i n t e g r a t i o n  
e f f o r t s  w i l l  b e  completed. 
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BASIS OF €T 1982 FTJNDIMG BEQUI-S: 

SHUTTLE/SPACELAB SCIENCE PAYLOAD DEVELOPMENT AND MISSION MANAGEMENT 

1981 
1980 Budget Current 

Actual  Estimte E s t  i m a  t e 
(Thousands of D o l l a r s )  

29,100 27,400 

(13,000) (8 , 800) 

Payload development and miss ion  management . . . . . . . . . . . . . 
Space t r a n s p o r t a t i o n  system opera t ions . .  . . . . . . . . . . . . . . . 
OBJECTIVES BBD STATUS: 

40,600 

(800) 

1982 
Budget 

Est imate 

51,800 

(2 5,700) 

The o b j e c t i v e s  of Shut t le /Space lab  s c i e n c e  payload development and miss ion  management a r e  t o  a c q u i r e  new knowledge i n  
t h e  d i s c i p l i n e s  of phys ics  and astronomy and t o  manage t h e  mission planning and execut ion  of t h e  complete NASA Spacelab 
payload program. The funding provides  f o r  t h e  development of a l l  phys ics  and astronomy Spacelab experiments ,  t h e  system 
management and engineering development of t h e  f l i g h t  equipment and sof tware ,  t h e  payload s p e c i a l i s t  suppor t ,  t h e  
phys i ca l  i n t e g r a t i o n  of t h e  payload wi th  t h e  Spacelab system, t h e  ope ra t ion  of t h e  payload during f l i g h t ,  t h e  
d isseminat ion  of data  t o  experimenters  and t h e  a n a l y s i s  of phys ics  and astronomy f l i g h t  d a t a .  

Ins t ruments  t o  b e  flown on t h r e e  miss ions  p r imar i l y  dedica ted  t o  phys ics  and  astronomy s c i e n c e  a r e  now under 
development. The development of ins t ruments  which w i l l  b e  flown on t h e  S h u t t l e  o r b i t a l  f l i g h t  tests,  OSS- 1, i s  n e a r l y  
complete. The OSS- 1 miss ion  w i l l  have s i x  i n s t rumen t s  mounted on a p a l l e t  t h a t  w i l l  g a t h e r  s o l a r  phys ics  d a t a ,  e v a l u a t e  
t h e  S h u t t l e  environment, and provide  da ta  on thermal  c o n t r o l  technology. I n t e g r a t i o n  and test of t h e  OSS- 1 payload i s  
now near ing  completion. Spacelab 1, c o n s i s t i n g  of a p re s su r i zed  Spacelab module and a p a l l e t ,  w i l l  b e  flown i n  1983. 
The primary o b j e c t i v e  of Spacelab 1 i s  t o  demonstrate  t h e  c a p a b i l i t i e s  of t h e  Spacelab system, whi le  t h e  secondary 
o b j e c t i v e  i s  t o  o b t a i n  m u l t i d i s c i p l i n a r y  s c i e n t i f i c  da ta  w i th  emphasis on a tmospher ic  and space  plasma phys ics .  I n  N 
1981, t h e  Spacelab 1 instrument  development miss ion  management t a s k s  w i l l  e s s e n t i a l l y  b e  completed. Spacelab 2, a n  
a l l - p a l l e t  con f igu ra t ion ,  w i l l  f l y  i n  1983. The primary o b j e c t i v e  of  Spacelab 2 i s  t o  v e r i f y  t h e  Spacelab i g l o o  and 
p a l l e t  systems. 
The instrument  po in t ing  system, developed by  t h e  European Space Agency, w i l l  b e  used f o r  t h e  f i r s t  t i m e  on t h e  Spacelab 
2 mission.  During N 1981, Spacelab 2 miss ion  management a c t i v i t i e s  and instrument  development w i l l  cont inue.  

The secondary o b j e c t i v e  i s  t o  o b t a i n  s c i e n t i f i c  data  wi th  emphasis on a s t r o p h y s i c s  and s o l a r  phys ics .  

Seve ra l  phys i c s  and astronomy in s t rumen t s  a r e  under development f o r  f l i g h t s  on t h e  Shut t le /Space lab  i n  1984 and 
subsequent years .  Two g e n e r a l  t ypes  of ins t ruments  a r e  under development ; p r i n c i p a l  i n v e s t i g a t o r ,  and mu l t i u se r  
ins t ruments .  P r i n c i p a l  i n v e s t i g a t o r  ins t ruments  a r e  f o r  a s p e c i f i c  s c i e n t i f i c  i n v e s t i g a t i o n  b y  a s i n g l e  i n v e s t i g a t o r  
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who m y  have c o  i m e s t i g a t o r s .  
p r i n c i p a l  i nves t i ga to r- fu rn i shed  f o c a l  p l ane  o r  a n c i l l a r y  ins t ruments ,  and have a l a r g e  u s e r  community. 
Release Module is a mu l t i u se r  instrument  now under deJelopment. The Chemical Release  Module w i l l  b e  used t o  t r a c e  t h e  
a tmospher ic  motions of n e u t r a l  c o n s t i t u e n t s  t o  map magnetic and e l e c t r i c  f i e l d s ,  t o  d i s p l a y  plasma i n s t a b i l i t i e s ,  and t o  
s tudy  (using test p a r t i c l e s )  p a r t i c l e  behavior .  I n  1981, t h e  f o c a l  p lane  i n s t rumen t s  f o r  t h e  f i r s t  f l i g h t  of t h e  So la r  
Op t i ca l  Telescope, which i s  now i n  t h e  d e f i n i t i o n  phase, w i l l  b e  s e l e c t e d  from responses t o  a n  announcement of 
oppor tuni ty .  A t h i r d  mu l t i u se r  instrument  which i s  under d e f i n i t i o n  i s  t h e  S h u t t l e  I n f r a r e d  Telescope F a c i l i t y  which 
will conduct h igh  r e s o l u t i o n  s t u d i e s  of s e l e c t e d  c e l e s t i a l  i n f r a r e d  o b j e c t s  and w i l l  provide v a l u a b l e  i n s i g h t  i n t o  many 
q u e s t i o n s  of  modern a s t r o p h y s i c s  inc luding  t h e  e a r l y  s t a g e s  of s t a r  formation and t h e  l a t e r  s t a g e s  of s t a r  evo lu t ion ,  
t h e  unusual ly  h igh  energy output  of t h e  n u c l e i  of c e r t a i n  g a l a x i e s  and quasars  and t h e  e a r l y  e v o l u t i o n  of g a l a x i e s  and 
t h e  universe .  D e f i n i t i o n  and development schedules  of phys ics  and astronomy in s t rumen t s  a r e  phased t o  form sc ien-  
t i f i c a l l y  focused payloads. Ins t ruments ,  b o t h  t hose  t h a t  a r e  now be ing  developed f o r  OSS-1, Spacelab 1, and Spacelab 2 
a s  w e l l  a s  t h e  p r i n c i p a l  i n v e s t i g a t o r  and mu l t i u se r  i n s t rumen t s ,  w i l l  b e  reused on f u t u r e  Shut t le /Space lab  miss ions  
thereby  s i g n i f i c a n t l y  i nc reas ing  t h e  s c i e n t i f i c  v a l u e  of t h e  o r i g i n a l  imrestment . 

Mult iuser  ins t ruments  have a broad s c i e n t i f i c  c a p a b i l i t y ,  can  accommodate a number of 
The Chemical 

I n  FY 1981, miss ion  management of a l l  NASA Shut t le /Space lab  miss ions  w i l l  cont inue .  Mission management f o r  t h e  non- 
phys ics  and astronomy miss ions  involves  a l l  t h e  Spacelab payload func t ions  except  instrument  o r  experiment development 
and da ta  a n a l y s i s .  Prominent among t h e  miss ion  a c t i v i t i e s  o u t s i d e  t h e  phys ics  and astronomy d i s c i p l i n e s  a r e  t h r e e  space  
a p p l i c a t i o n s  and technology miss ions ;  (OSTA-1, OSTA-2, OAST-l), Spacelab 3, and mission management f o r  t h e  l i f e  s c i e n c e s  
program. 

Part of Shut t le /Space lab  sc i ence  payload development and miss ion  management a c t i v i t i e s  i nvo lves  t h e  development of 
s e v e r a l  systems necessary  f o r  t h e  optimum use  of t h e  Shutt le/Spacelab system by  a l l  u se r s .  A t  t h e  Kennedy Space Center 
a system i s  be ing  implemented t o  assemble experiments  wi th  Spacelab hardware t o  form a n  a c t u a l  miss ion  payload and 
subsequently t o  test t h e  i n t e g r a t e d  system. An annu la r  suspension po in t ing  system, w i l l  s i g n i f i c a n t l y  enhance t h e  
q u a l i t y  of  s c i e n t i f i c  da ta  from mounted in s t rumen t s  and w i l l  a l l ow  more e f f i c i e n t  use  of t h e  Spacelab provided 
instrument  support  systems. This  po in t ing  system can b e  used f o r  bo th  p r i n c i p a l  i n v e s t i g a t o r  and mul t iuser  ins t ruments .  

CBhaGES PBOn FY 1981 BUDGET ESTIMATE; 

The $1.7 million dec rease  from t h e  FY 1981 budget e s t i m a t e  i s  due t o  t h e  Congressional  g e n e r a l  r educ t ion  i n  o v e r a l l  
a p p r o p r i a t i o n  r eques t .  This r educ t ion  coupled,  w i th  t h e  r educ t ion  i n  t h e  N 1981 Budget Amendment, w i l l  f u r t h e r  d e l a y  
t h e  planning and w e n t u a l  u se  of  t h e  Shut t le /Space lab  a s  a s c i ence  da t a  a c q u i s i t i o n  c a p a b i l i t y .  

BASIS OF FY 1982 ESTIMATE: 

The FY 1982 funding i s  r equ i r ed  f o r  f i n a l  p r epa ra t i ons  f o r  t h e  f l i g h t  of OSS-1 which w i l l  b e  flown on one of t h e  
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S h u t t l e  o r b i t a l  f l i g h t  tests and t h e  da t a  a n a l y s i s  from t h e  mission. I n  a d d i t i o n ,  f i n a l  p r epa ra t i on  f o r  t h e  f i r s t  use  
of t h e  Shut t le ISpace lab  system will b e  accomplished i n  FY 1982,  and p repa ra t i on  f o r  t h e  i n i t i a l  s c i ence ,  a p p l i c a t i o n s ,  
and technology payloads t o  b e  flown on t h e  Shut t le /Space lab  w i l l  b e  continued.  
and t e s t i n g  a t  t h e  Kennedy Space Center.  Spacelab 2 w i l l  complete mission a c t i v i t i e s  lead ing  t o  i n t e g r a t i o n  and t e s t ,  
and miss ion  mnagement a c t i v i t i e s  f o r  t h e  a p p l i c a t i o n s  and technology miss ions  w i l l  cont inue.  Severa l  p r i n c i p a l  
i n v e s t i g a t o r  ins t ruments  w i l l  b e  i n  development leading  t o  f i r s t  use  i n  1984,  and development w i l l  cont inue  on t h e  
Chemical Release Module and on t h e  So la r  O p t i c a l  Telescope. 

Spacelab 1 w i l l  b eg in  f i n a l  i n t e g r a t i o n  

BASIS OF FY 1982 FUIQDIMG BEQUI-S: 

EXPLORER DEVELOPMENT 

1980 Budget Current 
Estimate Est imate 
(Thousands of D o l l a r s )  

Actual 

Dynamics e x p l o r e r  (DE) ................................. 11,806 12,600 12,600 
S o l a r  mesosphere exp lo re r  (SME) ........................ 6,788 4,078 3 ,800 
I n f r a r e d  a s t ronomica l  s a t e l l i t e  (IUS). ................ 12,051 5,066 13,500 

(AMPTE).......... ................................... --- 6,600 1,200 
Other e x p l o r e r s  ........................................ 1,655 4,656 1,900 

Ac t iv  e ma g ne t ospher  i c  pa r t i c l e  t r a  c er exp l o r  er  

Total................................................ 32,300 33,000 33,000 

Mission ope ra t ions  and da ta  a n a l y s i s  (M06rDA). .......... (14,752)  (1 4,783 ) (1 4,783 

program). (12 ,300 )  (---I (5 ,500 )  
Space t r a n s p o r t a t i o n  system opera t ions . .  ............... (---I ( 4 , 2 0 0 )  (---) 

Scout and Delta  (expendable launch v e h i c l e s  ........................................... 
OBJECTIVES Am STATUS: 

1982 
Budget 

Est imate 

--- 
--- 

6,600 

15,200 
14,800 

36,600 

( 2 3 , 1 0 0 )  

(5,0001 
(--- 1 

The e x p l o r e r  program provides  t h e  p r i n c i p a l  means of  conducting as t ronomica l  s t u d i e s  and long- term i w e s t i g a t i o n s  of 
s o l a r  phys i c s  and of t h e  near-Earth i n t e r p l a n e t a r y  environment having l i m i t e d ,  s p e c i f i c  o b j e c t i v e s  and not r equ i r ing  
major obse rva to r i e s .  
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Included i n  t h e  present  program a r e  miss ions  t o  s tudy  a tmospher ic  and magnetospheric phys ics ;  t h e  s e v e r a l  
magnetospheric bounda r i e s ;  i n t e r p l a n e t a r y  phenomena ; and x- ray, u l t r a v i o l e t ,  and i n f r a r e d  astronomy. 

S t u d i e s  a r e  conducted t o  d e f i n e  f u t u r e  h igh  p r i o r i t y  s c i e n c e  exp lo re r  miss ions .  NASA engages i n  coope ra t ive  miss ions  
wi th  o t h e r  Federal  agenc i e s  and o t h e r  n a t i o n s  whenever such coopera t ion  w i l l  a s s i s t  i n  ach i ev ing  NASA o b j e c t i v e s .  

So la r  t e r r e s t r i a l  and atmospheric  e x p l o r e r s  p r w i d e  t h e  means f o r  conducting s t u d i e s  of t h e  Earth 's  near- space 
environment. The program r e q u i r e s  a wide v a r i e t y  of sa te l l i t e s  i n  o r b i t s  extending from t h e  v e r y  lowest reaches  of t h e  
upper atmosphere, t o  t h e  i n t e r p l a n e t a r y  medium beyond t h e  Earth 's  magnetosphere. The So la r  T e r r e s t r i a l  program i s  i n  a 
t r a n s i t i o n  from t h e  e a r l y  d iscovery  and mapping phase conducted over t h e  pas t  decade t o  a phase i n  which s p e c i f i c  
problems a r e  be ing  i n v e s t i g a t e d  i n  more depth ,  f r e q u e n t l y  using s imultaneous mu l t i po in t  measurements. E f f o r t s  underway 
i n c l u d e  completion of development a c t i v i t y  i n  FY 1981 f o r  t h r e e  exp lo re r s :  t h e  Solar  Mesosphere Explorer  (SME), t h e  
Dynamics Explorer  (DE), and t h e  f i r s t  of t h e  two San mrc0-D missions.  Development a c t i v i t y  i s  cont inuing  on t h e  second 
San Marc0 -D miss ion ,  and i t  i s  now planned t h a t  development a c t i v i t i e s  w i l l  b e  i n i t i a t e d  on t h e  Active Magnetospheric 
P a r t i c l e  Tracer  Explorer  (AMPTE) during FY 1981. The SME i s  designed t o  i m e s t i g a t e  t h e  r e l a t i o n s h i p  of s o l a r  u l t r a -  
v i o l e t  f l u x  t o  processes  i n  t h e  upper atmosphere inc luding  t h e  product ion  of ozone. DE w i l l  p r w i d e  data  on t h e  s t rong  
i n t e r a c t i v e  processes  coupling t h e  hot convect ing plasmas of t h e  magnetosphere and t h e  coo le r  plasmas and gases  of t h e  
Earth 's  ionosphere  and upper atmosphere. 
group of experiments  t o  s tudy  t h e  r e l a t i o n s h i p  between s o l a r  a c t i v i t y  and t h e  Earth 's  meteoro logica l  phenomena. 
a planned coope ra t ive  program wi th  t h e  Federa l  Republic of Germany, w i l l  use  two spacec ra f t  t o  s tudy  t h e  s o l a r  wind a t  
t h e  sub- solar  po in t  and t o  i d e n t i f y  p a r t i c l e  e n t r y  windows, e n e r g i z a t i o n  processes  and t r a n s p o r t  p rocesses  i n t o  t h e  
m g n e t  osphere.  

The San Marco-D miss ions ,  a coope ra t ive  p r o j e c t  w i th  I t a l y ,  w i l l  i nc lude  a 
AMPTE, 

Ast rophys ics  e x p l o r e r s  have been in s t rumen ta l  i n  conducting t h e  f i r s t  a s t ronomica l  sky surveys  in t h e  gamma r a y ,  x- 
r a y ,  u l t r a v i o l e t ,  and i n f r a r e d  and low frequency r a d i o  reg ions  of t h e  e lec t romagnet ic  spectrum. A major e f f o r t  underway 
i n  FY 1981 i s  t h e  completion of experiment f a b r i c a t i o n  and t e s t i n g  and s a t e l l i t e  i n t e g r a t i o n  a c t i v i t i e s  on t h e  I n f r a r e d  
Astronomical S a t e l l i t e  (IRAS), which i s  scheduled t o  b e  launched i n  1982. 

CHANGES FROM FY 1981 BUDGET ESTIMATE: 

The t o t a l  FY 1981 Explorer  funding requirement i s  unchanged. However, t h e r e  have been  changes made t o  a l l  of t h e  
r e s p e c t i v e  e x p l o r e r s  except t h e  Dynamics Explorer.  The I n f r a r e d  Astronomical S a t e l l i t e  experienced a number of 
t e c h n i c a l  d i f f i c u l t i e s  which have r e s u l t e d  i n  a n  i nc reased  funding requirement i n  t h e  a r e a s  of cryogenic system 
f a b r i c a t i o n ,  mi r ro r  p o l i s h i n g ,  and f o c a l  p l ane  d e t e c t o r  systems development. The o t h e r  elements  of t h e  t o t a l  e x p l o r e r  
l i n e  have been  decreased t o  accommodate t h e  a d d i t i o n a l  funding needed f o r  I U S .  However, t h e  dec rease  t o  t h e  So la r  
Mesosphere Explorer  i s  due t o  b e t t e r  t han  expected development progress .  The dec rease  i n  t h e  planned i n i t i a l  funding 
f o r  AMPTE w i l l  d e l ay  t h e  scheduled s t a r t  of t h e  p r o j e c t  from e a r l y  FY 1981 t o  l a t e  1981, and t h e  r e sou rces  planned f o r  
i n i t i a t i n g  new exp lo re r  p r o j e c t s  have been  reduced i n  FY 1981. 
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M I S  OF lT 1982 ESTMCLTE: 

FY 1982 funding w i l l  p rovide  f o r  complet ion of development a c t i v i t y ,  l aunch ,  and  i n i t i a l  o r b i t a l  o p e r a t i o n s  f o r  t h e  
I n f r a r e d  Astronomical S e t e l l i t e .  
a c t i v i t y  f o r  t h e  AMPTE miss ion  w i l l  b e  continued.  
Explorer  (COBE) and t h e  Extreme U l t r a v i o l e t  Explorer  (EUVE) may b e  i n i t i a t e d .  
d e s i g n  and d e f i n i t i o n  s t u d i e s  f o r  f u t u r e  cand ida t e  miss ions  inc luding  t h e  X-Ray T i m e  Explorer  (XTE) and t h e  So la r  Corona 
Explorer  (SCE) . 

The f i r s t  of t h e  San Marco-D missions w i l l  b e  launched i n  1982 and development 
I n  a d d i t i o n ,  dwelopment a c t i v i t i e s  f o r  t h e  Cosmic Background 

FY 1982 funding a l s o  w i l l  provide f o r  

M I S  OF FY 1982 FDHDIIoG ~UIRIMEHTS: 

MISSION OPERATIONS AND DATA ANALYSIS 

1981 1982 
1980 Budget Current Budget 

A c t  ua 1 E s t  im  t e E s t  irna t e E s t  irna t e 
(Thousands of D o l l a r s )  

High energy astronomy observa tory  (HEAO) 

H M O  extended mission.................................. 8,521 10,606 10,606 8 , 800 

SMM extended mission................................... --- 1,600 1,600 5,000 

b a s i c  mission....................................... 5,236 12 8 128 --- 
Solar maximum miss ion  (SMM) b a s i c  miss ion  .............. 4,500 3 , 400 3 , 400 600 

Space t e l e s c o p e  (ST)........................ ........... 1,800 6,700 6,700 15,200 
E x p l o r e r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..... 14,752 14,783 14,783 23,100 
Orbi t ing  a s t ronomica l  observatory,.  ..................... 2,291 1,683 1,683 800 

Total................................................ 37,100 3 8,900 53,500 

OBJBCrIvES lLRD STATUS: 

The purpose of t h e  miss ion  ope ra t ions  and da ta  a n a l y s i s  e f f o r t  i s  t o  conduct o p e r a t i o n s  and t o  ana lyze  da t a  from t h e  
phys ics  and astronomy satell i tes a f t e r  launch.  
s p a c e c r a f t  a f t e r  t h e i r  o r i g i n a l l y  planned o b j e c t i v e s  have been  achieved  f o r  purposes of conducting s p e c i f i c  
i n v e s t i g a t i o n s  that have continuing h igh  s c i e n t i f i c  s i g n i f i c a n c e .  
a c t i v i t i e s  of t h e  many i n v e s t i g a t o r s  a t  u n i v e r s i t i e s  and o t h e r  r e sea rch  o r g a n i z a t i o n s  a s s o c i a t e d  wi th  a s t r o p h y s i c s  and 
s o l a r  t e r r e s t r i a l  o p e r a t i o n a l  sa te l l i t e  p r o j e c t s .  

This program a l s o  suppor ts  t h e  continued ope ra t ion  of a number of 

The b u l k  of funding suppor t s  t h e  data  a n a l y s i s  

A c t u a l  s a t e l l i t e  ope ra t ions ,  i nc lud ing  o p e r a t i o n  c o n t r o l  c e n t e r s  and 
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r e l a t e d  data  r educ t ion  and engineer ing  support  a c t i v i t i e s  a r e  t y p i c a l l y  c a r r i e d  out under a v a r i e t y  of miss ion  support  
o r  c e n t e r  support  c o n t r a c t s .  

The So la r  Bximum Mission (SMM) was launched on February 14,  1980, t o  make d e t a i l e d  obse rva t ions  of s o l a r  f l a r e  
processes  during t h e  cu r r en t  per iod  of maximum s o l a r  a c t i v i t y  (1979-1983). 
t h e  launch of SMM, and t h e  spacec ra f t  has  seen  over  1,000 f l a r e s  of a l l  s i z e s .  The SMM ins t rumen t s  w i l l  p e r m i t  d e t a i l e d  
coherent  i n v e s t i g a t i o n  of f l a r e- c c e l e r a t e d  e l e c t r o n s  and nucleons,  f l a r e  plasmas over  a wide range of tempera tures ,  
coronal  d i s tu rbances  r e s u l t i n g  from f l a r e s ,  and t h e  t o t a l  amount of l i g h t  and hea t  emi t ted  by  t h e  Sun. 

Sunspot numbers have been  v e r y  h igh  s i n c e  

I n  a d d i t i o n ,  coord ina ted  obse rva t ions  by  SMM and t h e  c u r r e n t l y  o p e r a t i o n a l  I n t e r n a t i o n a l  Sun-Earth Explorers  (ISEE) 
a r e  pe rmi t t i ng  s t u d i e s  of t h e  sources  of s p e c i f i c  s o l a r  wind d i s tu rbances  and t h e i r  e f f e c t s  on t h e  Earth 's  magneto- 
sphere.  Among t h e  p r i m r y  r e s u l t s  from SMM a r e  t h e  f i r s t  observa t ions  of a s o l a r  f l a r e  a s  seen  i n  v e r y  h igh  energy 
x- rays, t h e  d iscovery  t h a t  f l a r e s  produce u l t r a v i o l e t  emissions by  bombardment of t h e  Sun's s u r f a c e  by h igh  speed 
e l e c t r o n s ,  and t h e  obse rva t ion  of h igh  speed pro tons  produced i n  r ap id  b u r s t s  which a r e  delayed by a few seconds w i th  
r e spec t  t o  v e r y  s i m i l a r  b u r s t s  of h igh  speed e l e c t r o n s .  

The High Energy Observa tor ies  (HEAO-1, 2 ,  and 3 )  have p ra r ided  new and complementary data  on a wide v a r i e t y  of  
cosmic x- ray sources .  H M O - 1  completed a h i g h l y  s u c c e s s f u l  mission of mapping t h e  e n t i r e  x-ray sky wi th  unprecedented 
s e n s i t i v i t y  b e f o r e  r een t e r ing  t h e  Earth 's  atmosphere i n  March 1979. 
more t h a n  one thousand new x-ray sou rces ;  t h e  de termina t ion  of p r e c i s e  l o c a t i o n s  of many sources  a l lowing  o p t i c a l  
i d e n t i f i c a t i o n s ;  t h e  es tab l i shment  of whole new c l a s s e s  of x-ray emi t t i ng  o b j e c t s ;  t h e  d e t e c t i o n  of l i n e  emission from 
h o t ,  h igh ly  i on i zed  i r o n  i n  neut ron  s t a r  b i n a r i e s ,  supernova remnants,  and c l u s t e r s  of g a l a x i e s ;  t h e  d iscovery  of x- ray 
emiss ion  from a c t i v e  s t a r s ;  and t h e  measurement of t h e  spectrum of t h e  d i f f u s e  x-ray sky background which i s  sugges t ive  
of a n  o r i g i n  i n  a h o t ,  tenuous g a s  a t  a temperature of 400 m i l l i o n  degrees  Kelvin. 

Among t h e  primary r e s u l t s  w e r e  t h e  d iscovery  of 

HMO-2 completed i t s  second year  of ope ra t i on  i n  November 1980 and has  y i e lded  a series of impress ive  r e s u l t s .  For 
example, proceeding from t h e  c l o s e s t  t o  t h e  most d i s t a n t  o b j e c t s ,  HJUO-2 has  demonstrated t h a t  almost  a l l  t ypes  of s t a r s  
emit x- rays i n  g r e a t e r  q u a n t i t i e s  t h a n  previous ly  predic ted .  S i m i l a r l y ,  HEAO-2 obse rva t ions  of supernova remnants have 
had a profound impact on t h e o r i e s  of t h e  processes  of supernova explos ions  and neutron s t a r  formation.  Beyond our own 
ga l axy ,  HEAO-2 h a s  mapped t h e  Milky Way's nea re s t  neighbor g a l a x i e s ,  and has d e t e c t e d  t h e  most d i s t a n t  quasars  observed 
wi th  o p t i c a l  t e l e scopes .  HEAO-2 ope ra t ions  w i l l  cont inue  u n t i l  p rope l l an t  d e p l e t i o n ,  which i s  es t imated  t o  occur by  
mid-1 98 1. 

HEAO-3 was launched i n  September 1979. All i n s t rumen t s  a r e  r e tu rn ing  e x c e l l e n t  s c i e n t i f i c  da t a .  The g a l a c t i c  p lane  
h a s  been  ex t ens ive ly  scanned wi th  t h e  gamma r a y  spec t rometer ,  and pre l iminary  a n a l y s i s  of t h e  data  shows t h e  d e t e c t i o n  
of matter - a n t i m a t t e r  a n n i h i l a t i o n  l i n e  r a d i a t i o n  from t h e  d i r e c t i o n  of t h e  c e n t e r  of our  ga l axy ,  sugges t ing  t h e  
presence  of a mssive b l a c k  hole .  
o f  cosmic r a y s  i n  t h e  group of elements  i nc lud ing  i r o n ,  n i c k e l  and coba l t .  

The cosmic r a y  ins t ruments  have provided new informat ion  on t h e  d e t a i l e d  composi t ion 
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I n  a d d i t i o n  t o  t h e  n o m 1  support  r equ i r ed  f o r  miss ion  ope ra t ions ,  t h e  Space Telescope program p r e s e n t s  s e v e r a l  unique 
a s p e c t s  which must b e  provided w e l l  i n  advance of launch. The Space Telescope i s  designed f o r  ope ra t i on  f o r  more t han  a 
decade, based on in- orb i t  maintenance, recovery ,  re furb ishment ,  and re launch  and  in- orb i t  changeout of t h e  s c i e n t i f i c  
i n s t rumen t s  a t  t h e  f o c a l  plane.  During t h e  o p e r a t i o n a l  pe r iod ,  i t  w i l l  b e  used p r imar i l y  by  observers  scheduled on t h e  
b a s i s  of proposa ls  submit ted i n  response t o  p e r i o d i c  s o l i c i t a t i o n s .  NASA h a s  determined t h a t  t h e  most e f f i c i e n t  and 
s c i e n t i f i c a l l y  s a t i s f a c t o r y  approach t o  s c i e n c e  ope ra t ions  w i l l  i nvo lve  es tab l i shment  of a n  independent Science 
I n s t i t u t e  which w i l l  o p e r a t e  under a long- term c o n t r a c t  wi th  NASA. While NASA w i l l  r e t a i n  o p e r a t i o n a l  r e s p o n s i b i l i t i e s  
f o r  t h e  obse rva to ry ,  t h e  I n s t i t u t e  w i l l  implement NASA p o l i c i e s  i n  t h e  a r e a s  of p lanning ,  management, and scheduling of  
t h e  s c i e n t i f i c  ope ra t i ons  of t h e  te lescope .  

Seve ra l  e x p l o r e r  spacec ra f t  renoain o p e r a t i o n a l  and a r e  p r w i d i n g  v a l u a b l e  da t a .  The I n t e r n a t i o n a l  U l t r a v i o l e t  
Explorer  (IUE) and I n t e r n a t i o n a l  Sun-Earth Explorers  (ISEE) cont inue  t o  perform w e l l ,  wi th  v e r y  product ive  gues t  
i n v e s t i g a t o r  programs. The l a s t  Atmospheric Explorer  (AE-E), launched i n  1975, i s  s t i l l  func t ioning  w e l l  and i s  
providing i n s i g h t  i n t o  thermospheric  and a tmospher ic  v a r i a t i o n s  not o therwise  ob t a inab le .  It i s  p red i c t ed  t h a t  t h e  AE-E 
w i l l  r e e n t e r  t h e  Earth 's  atmosphere i n  mid-1981. The I n t e r p l a n e t a r y  Monitoring Pla t form (IMP)-J cont inues  t o  provide  
da ta  on s o l a r  wind, cosmic r a y s ,  and on t h e  Earth's geomagnetic t a i l  from l o c a t i o n s  needed t o  c o r r e l a t e  wi th  s p a c e c r a f t  
i n  o t h e r  l o c a t i o n s .  The Orbi t ing  Astronomical Observatory (OAO-3), Copernicus, which was launched i n  1972, provided a 
t h r ee- xis  s t a b i l i z e d  automated f a c i l i t y  f o r  observing c e l e s t i a l  o b j e c t s  and i n t e r s t e l l a r  m a t e r i a l  i n  t h e  x-ray and 
u l t r a v i o l e t  s p e c t r a l  ranges.  However, t h e  f a r  u l t r a v i o l e t  d e t e c t o r s  aboard OAO-3 have s u f f e r e d  a r ap id  degrada t ion  due 
t o  i nc reased  levels of s o l a r  a c t i v i t y .  Since t h i s  degrada t ion  l i m i t s  t h e  s c i e n c e  that OAO-3 can perform, t h e  mission 
w i l l  b e  te rmina ted  i n  e a r l y  1981. This d e c i s i o n  h a s  al lowed s u f f i c i e n t  t i m e  f o r  a n  o rde r ly  completion of t h e  h ighes t  
p r i o r i t y  s c i e n c e  observa t ions .  Support w i l l  b e  continued t o  complete a n a l y s i s  of t h e  acqu i r ed  d a t a .  

M I S  OF FY 1982 ESTIMATE: 

FY 1982 funds  w i l l  p r w i d e  support  f o r  t h e  continued ope ra t ion  of t h e  HMO-3 miss ion  and r e l a t e d  data  a n a l y s i s  
a c t i v i t i e s ;  t h e  ope ra t ions  and data a n a l y s i s  a c t i v i t i e s  f o r  t h e  Dynamics Explorers-A and -B missions and t h e  Solar  
Mesosphere Explorer  (SME), a l l  scheduled f o r  launch i n  1981; data  a n a l y s i s  a c t i v i t y  f o r  t h e  Cosmic Ray I so tope  
Experiment (CRIE) which i s  scheduled f o r  launch on a n  Air Force spacec ra f t  i n  1981; ex t ens ion  of ope ra t i ons  and da t a  
a n a l y s i s  a c t i v i t y  f o r  I U E ,  ISEE-A, -By and -C, and IMP-J; and support  f o r  continued a n a l y s i s  of t h e  ex t ens ive  data  
obta ined  by HEAO-1, HMO-2, OAO-3, AE-E and t h e  Small Astronomy S a t e l l i t e  (SAS)-C miss ions .  FY 1982 funding w i l l  a l s o  
support  t h e  continued ope ra t ions  and data a n a l y s i s  a c t i v i t i e s  of t h e  So la r  mximum Mission (SMM), t h e  con t inua t ion  of 
p r e p a r a t i o n s  f o r  s c i e n c e  ope ra t ions  f o r  t h e  Space Telescope, inc luding  t h e  i n i t i a l  development of a Space Telescope 
Science I n s t i t u t e ,  and t h e  upgrading of t h e  Sc ience  and  Appl ica t ions  Computer Center  a t  t h e  Goddard Space F l i g h t  Center 
t o  i n s u r e  cont inued  adequate support  t o  ongoing programs. 
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BASIS OF FY 1981 F"DIIVG BEQUZREWMTS: 

RESEARCH AND ANALYSIS 

1981 1982 
1980 Budget Current Budget 

A c t  ua 1 E s t  im  t e Estiuate E s t  i rna  t e 
(Thousands of Do l l a r s )  

Supporting r e sea rch  and technology..  ................... 20,974 2 2  , 600 2 2  , 700 26,700 
Advanced technology development ........................ 5,800 6,800 8,000 7,700 
Data a n a l y s i s .  ......................................... 7,000 7,300 7,300 8,100 

Total................................................ 33,774 36,700 38,000 42,500 

OBJECTIVES AND STATUS: 

This  program provides  f o r  t h e  r e sea rch  and technology b a s e  necessary  t o  p lan  and support  f l i g h t  p r o j e c t s .  Pre l iminary  
s t u d i e s  t o  d e f i n e  missions and/or  payload requirements  a r e  c a r r i e d  out , a s  a r e  t h e o r e t i c a l  and ground-based suppor t ing  
r e sea rch ,  and advanced t echno log ica l  development (ATD). A c t i v i t i e s  inc luded  a r e  suppor t ing  r e sea rch  and technology 
(SR&T), ATD, and data a n a l y s i s .  

S u p p o r t i w  Rezearch and Technolopv (SR&T) 

The o b j e c t i v e s  of suppor t ing  r e sea rch  and technology (SR&T) a r e :  (1) t o  enhance t h e  v a l u e  o f  cu r r en t  space miss ions  
by  ca r ry ing  out  complementary and supplementary ground-based observa t ions  and l a b o r a t o r y  experiments;  (2) t o  develop 
t h e o r i e s  t o  exp la in  observed phenomena and p r e d i c t  new ones ;  (3)  t o  opt imize t h e  r e t u r n  expected from f u t u r e  miss ions  by  
problem d e f i n i t i o n ,  development of advanced in s t rumen ta t ion  and concepts ,  and sound d e f i n i t i o n  of proposed new miss ions ;  
and (4)  t o  s t r eng then  t h e  t echno log ica l  b a s e  f o r  sensor  and in s t rumen ta t ion  development and t o  conduct b a s i c  r e sea rch  
necessary  t o  support  our  understanding of a s t r o p h y s i c s  and s o l a r  t e r r e s t r i a l  r e l a t i o n s h i p s .  

Research i s  supported i n  s e v e r a l  d i s c i p l i n e s  of space  phys ics  and astronomy. The work i n  space  phys ics  i s  l a r g e l y  
devoted t o  t a s k s  r e l a t e d  t o  t h e  phys ics  of t h e  Earth's environment and comparative s t u d i e s  of o t h e r  p l ane t a ry  
environments, i nc lud ing  t h e  s tudy  of  Sun-Earth emi ronmen ta l  f a c t o r s .  The work i n  s o l a r  and h e l i o s p h e r i c  phys ics  
involves  s t u d i e s  of t h e  s o l a r  atmosphere and t h e  i n f l u e n c e  of t h e  Sun on i n t e r p l a n e t a r y  and p l ane t a ry  environments. 
Research supported i n  a s t r o p h y s i c s  i nvo lves  s t u d i e s  of s t a r s ,  g a l a x i e s ,  i n t e r s t e l l a r  and i n t e r g a l a c t i c  ma t t e r  and cosmic 

RD 4-21 



rays .  
obse rva t ions  by ground-based and ba l loon-borne  ins t ruments  a r e  a l s o  supported.  
a d i r e c t  b e a r i n g  on f u t u r e  f l i g h t  programs. 
dev ices  under t h i s  program w i l l  enable  s p a c e c r a f t  i n  h igh  o r b i t s  t o  watch t h e  f low of energy i n t o  t h e  a u r o r a l  zones. 

The development of new ins t ruments ,  l a b o r a t o r y  and t h e o r e t i c a l  s t u d i e s  of b a s i c  p h y s i c a l  p rocesses ,  and 
Resu l t s  achieved i n  t h e  SRT program have 

For example, t h e  development of advanced x-ray and u l t r a v i o l e t  imaging 

A rnajor a c t i v i t y  i n  SR&T i s  t h e  s o l a r  t e r r e s t r i a l  theory  program which provides  f o r  t h e o r e t i c a l  i n v e s t i g a t i o n s  of t h e  
predominately plasma phys ics  p rocesses  important  t o  s o l a r  physics  and t h e  s o l a r  terrestrial  environment. The i n t e n t  of 
t h e  program i s  t o  enhance and a s s u r e  t h e  sys temat ic  development of s c i e n t i f i c  i n v e s t i g a t i o n s  of s o l a r  system plasmas and 
f o r  t h i s  t o  p lay  a v i t a l  r o l e  i n  t h e  planning of f u t u r e  miss ions  and r e s e a r c h  e f f o r t s .  

The SRhT program c a r r i e s  out  i t s  o b j e c t i v e s  through u n i v e r s i t i e s ,  nonprof i t  and i n d u s t r i a l  r e s e a r c h  i n s t i t u t i o n s ,  NASA 

F e a s i b i l i t y  and s c i e n t i f i c  d e f i n i t i o n  s t u d i e s  a r e  be ing  
c e n t e r s ,  and o t h e r  gwernment agenc ies .  Current  emphasis i s  being placed on s t u d i e s  f o r  advanced ins t rumenta t ion  which 
w i l l  i n c r e a s e  b o t h  t h e  s e n s i t i v i t y  and r e s o l u t i o n  of d e t e c t o r s .  
conducted on s e v e r a l  p o t e n t i a l  cand ida te  f u t u r e  e x p l o r e r  miss ions ,  inc lud ing  t h e  Cosmic Background Explorer (COBE) , t h e  
Extreme U l t r a v i o l e t  Explorer (EUVE), t h e  X-ray Timing Explorer ( X T E ) ,  t h e  S o l a r  Coronae Explorer (SCE), and t h e  Grav i ty  
Probe-B (GP-B). 
measurements would b e  obta ined of t h e  r e l a t i v i s t i c  p recess ion  of a n  extremely s t a b l e ,  cryogenic  gyroscope i n  Ear th  
o r b i t .  

The l a t t e r  w i l l  c a r r y  out  a n  exper imenta l  test of E ins te in ' s  General  Theory of R e l a t i v i t y  i n  which 

Advanced Technolopica 1 Development 

The advanced t echno log ica l  development (ATD) a c t i v i t i e s  support  d e t a i l e d  planning and d e f i n i t i o n  of  new Physics  and 
Astronomy miss ions  inc lud ing  Shut t le /Spacelab missions.  
s c i e n t i f i c  q u e s t i o n s  most important  t o  t h e  e v o l u t i o n  of knowledge i n  t h e  f i e l d ,  and that those  miss ions  use  t h e  
a p p r o p r i a t e  technology and techniques .  
miss ions  of  subsystems and elements c r i t i c a l  t o  even tua l  miss ion development i n  o rde r  that t e c h n i c a l  r e a d i n e s s  and 
resources  m y  b e  b e t t e r  de f ined  b e f o r e  t h e  miss ions  a r e  proposed f o r  implementation. 

ATD a c t i v i t i e s  a s s u r e  that advanced miss ions  a d d r e s s  t h e  

Funding i s  a p p l i e d  t o  t h e  d e f i n i t i o n  and p re l iminary  des ign  f o r  s p e c i f i c  

Candidate miss ions  f o r  t h e  1980's that r e q u i r e  ATD a c t i v i t i e s  i n c l u d e  t h e  Or ig in  of Plasmas i n  Ear th ' s  Neighborhood 

The OPEN p r o j e c t  w i l l  s tudy s y s t e m a t i c a l l y  t h e  o r i g i n ,  s t o r a g e ,  t r a n s p o r t  and l o s s  of plasmas i n  t h e  Earth 's  
(OPEN), t h e  Advanced X-ray Astrophysics F a c i l i t y  (AXAF), t h e  Starprobe,  and t h e  So la r  I n t e r n a l  Dynamics Mission 
(SIDM). 
environment from i n p u t  by t h e  s o l a r  wind and ionosphere  t o  loss i n  t h e  atmosphere. The miss ion w i l l  a s s e s s  t h e  
importance t o  t h e  t e r r e s t r i a l  environment of v a r i a t i o n s  i n  energy inpu t  t o  t h e  Ea r t h ' s  atmosphere caused by  geospace 
processes .  The AXAF w i l l  s tudy  s t e l l a r  s t r u c t u r e  and e v o l u t i o n ,  a c t i v e  g a l a x i e s ,  c l u s t e r s  of g a l a x i e s  and cosmology. 
The AXAF 1.2 meter class imaging x-ray t e l e s c o p e  i s  planned t o  have s e n s i t i v i t y  approximately 20  t i m e s  that  of HEAO-2. 
The Starprobe miss ion w i l l  perform d e t a i l e d  s c i e n t i f i c  obse rva t ions  of t h e  Sun from a h igh ly  e l l i p t i c a l  o r b i t  whose 
a p h e l i o n  w i l l  b e  w i t h i n  f o u r  s o l a r  r a d i i  of t h e  Sun's su r face .  
i n v e s t i g a t e  t h e  o s c i l l a t i o n s  v i s i b l e  on t h e  Sun and use  t h e  da ta  obta ined t o  s tudy  t h e  dynamic s t a t e  of t h e  Sun's 
i n t e r i o r .  

The So la r  I n t e r n a l  Dynamics Mission (SIDM) w i l l  
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l% j o r  Spacelab payloads r e q u i r i n g  advanced t echno log ica l  development suppor t  i n c l u d e  t h e  fo l lowing mul t iuse r  
f a c i l i t i e s :  t h e  S h u t t l e  I n f r a r e d  Telescope F a c i l i t y  (SIRTF) , a c ryogen ica l ly  cooled t e l e s c o p e  which w i l l  c a r r y  out h igh  
s e n s i t i v i t y  i n f r a r e d  obse rva t ions ;  t h e  Pinhole /Occul ter  F a c i l i t y ,  a coded mask and d e t e c t o r  f o r  imaging hard  X-rays; 
and t h e  S h u t t l e  U l t r a v i o l e t / O p t i c a l  Telescope (STARLAB), a meter- class  UV/optical  f a c i l i t y  which w i l l  b e  used f o r  h igh  
a n g u l a r  r e s o l u t i o n  imaging i n v e s t i g a t i o n s  of sources  tha t  have too  g r e a t  a n  a n g u l a r  ex ten t  t o  b e  observed e f f i c i e n t l y  
wi th  t h e  Space Telescope. During FY 1981, major emphasis i s  be ing  g iven  t o  d e f i n i t i o n  of t h e  OPEN and AXAF miss ions .  
In  a d d i t i o n ,  f u r t h e r  d e f i n i t i o n  of Spacelab ins t ruments  and f a c i l i t i e s  w i l l  cont inue,  inc lud ing  d e t a i l e d  d e s c r i p t i o n  of 
ins t ruments ,  payload conf igura t ions  and o p e r a t i o n a l  requirements.  

I b t a  Analys is  

The a c q u i s i t i o n ,  a n a l y s i s  and e v a l u a t i o n  of data  r e p r e s e n t s  t h e  primary purpose of t h e  l a b o r a t o r y ,  b a l l o o n ,  rocket  and 
s p a c e c r a f t  a c t i v i t i e s .  While a cons ide rab le  amount of a n a l y s i s  i s  done during t h e  prime p r o j e c t  phase,  exper ience  has 
shown that considerably  more t i m e  i s  g e n e r a l l y  r equ i red  t o  reap t h e  f u l l  b e n e f i t  from t h e s e  programs. 
can  b e  reaped from t h e s e  programs when t h e  da ta  i s  c o r r e l a t e d  wi th  o t h e r  p r o j e c t s ,  when d e t a i l e d  cause-and- effect  
s t u d i e s  a r e  made wi th  data  sets  from o t h e r  sources ,  when v e r y  long- term ( s o l a r  cyc le )  e f f e c t s  can b e  s t u d i e d  using 
complementary sets  of d a t a ,  and when many new i d e a s  can b e  t e s t e d  that o r i g i n a t e  from t h e  r e s u l t s  of t h e  i n i t i a l  
ana l y s i s .  

The f u l l  b e n e f i t  

For example, a s t ronomica l  image process ing f a c i l i t i e s  have been developed t o  t a k e  advantage of h igh  technology 
developed under t h e  Landsat and p l a n e t a r y  programs. This  technology a l l o w s  as t ronomers  t o  o b t a i n  a maximum amount of 
i n f o r m t i o n  from t h e  da ta  they  o b t a i n  from s tandard  photographic emulsions and more advanced imaging techniques  such a s  
t h e  charged-coupled dev ices  (CCD's) now be ing  ground t e s t e d  f o r  even tua l  use  on t h e  Space Telescope. 

Support of t h e  o p e r a t i o n  of t h e  Nat ional  Space Science Data Center (NSSDC) i s  a l s o  provided under t h i s  program. The 
NSSDC, l o c a t e d  a t  t h e  Goddard Space F l igh t  Center ,  was e s t a b l i s h e d  t o  serve a s  a c e n t r a l  r e p o s i t o r y  and c l e a r i n g  house 
f o r  s c i e n t i f i c  data  r e s u l t i n g  from space  i n v e s t i g a t i o n s .  The NSSDC i s  now i n  a s t a g e  of t r a n s i t i o n  from a r e p o s i t o r y  t o  
a f a c i l i t y  where c o r r e l a t i v e  r e s e a r c h  can b e  accomplished using data  sets from many sources ,  inc lud ing  a c t i v e  space-  
c r a f t .  The S a t e l l i t e  S i t u a t i o n  Center a t  NSSDC computes t h e  expected p o s i t i o n s  of o p e r a t i o n a l  s p a c e c r a f t ,  s o  that data  
a c q u i s i t i o n  and a n a l y s i s  e f f o r t s  can b e  coordinated a t  t i m e s  when s e v e r a l  s p a c e c r a f t  a r e  f avorab ly  s i t u a t e d  f o r  
c o r r e l a t i v e  geophysica 1 s t u d i e s  . 
CHANGES FROM FY 1981 BUDGET ESTIMATE: 

The FY 1981 e s t i m a t e  has been inc reased  by $1.3 m i l l i o n  a s  a n e t  r e s u l t  of a s p e c i f i c  Congressional  a p p r o p r i a t i o n  
i n c r e a s e  f o r  t h i s  a rea  p a r t i a l l y  o f f s e t  b y  t h e  g e n e r a l  r educ t ion  i n  a p p r o p r i a t i o n  reques t s .  
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Spacelab s c i e n c e  payload d e f i n i t i o n ,  p r ev ious ly  i d e n t i f i e d  a s  a s e p a r a t e  s u b i t e m  i n  t h i s  p r o j e c t ,  i s  now inc luded  i n  
advanced technology development because  of t h e  c l o s e  a s s o c i a t i o n  of t h e  two a c t i v i t i e s  i n  t h e  i d e n t i f i c a t i o n  and s tudy  
of f u t u r e  STS payloads.  

BASIS OF FY 1982 ESTIMATJZ: 

1981 1982 
1980 Budget Current Budget 

Actual  E s t  i m a  t e E s t  i m a  t e Est imate 
(Thousands of Do l l a r s )  

Supporting r e s e a r c h  and technology... .................. 20,974 22,600 22,700 26,700 

During FY 1982, t h e  support ing r e sea rch  and technology program w i l l  support  t hose  t a s k s  which c o n t r i b u t e  t o  
maintaining a f i r m  b a s e  f o r  a v i a b l e  phys ics  and astronomy program. 
development and on expansion of technology a c t i v i t i e s  r e l a t e d  t o  l a r g e  x- ray mi r ro r s  and advanced x-ray d e t e c t o r s  and 
ins t rumenta t ion .  F e a s i b i l i t y  and s c i e n t i f i c  d e f i n i t i o n  s t u d i e s  w i l l  b e  conducted on s e v e r a l  p o t e n t i a l  c and ida t e  
exp lo re r  miss ions  f o r  f u t u r e  y e a r s ,  i nc lud ing  Gravi ty  Probe-B, t h e  X-Ray Timing Explorer  (XTE) and t h e  So la r  Coronae 
Explorer  (SCE). Emphasis w i l l  a l s o  b e  placed on t h e  development of a l a r g e  a r e a  e l e c t r o g r a p h i c  camera f o r  as t ronomica l  
use ,  and on t h e  continued development of l a r g e  a r r a y  mul t ichannel  p l a t e  and i n t e n s i f i e d  charge coupled imagery 
devices .  An a t t empt  w i l l  a l s o  b e  made t o  s t r e n g t h e n  b a s i c  t heo ry  support  i n  t h e  program. 

Emphasis w i l l  b e  placed on i n f r a r e d  d e t e c t o r  

I n  t h e  a r e a  of s o l a r  phys ics ,  a c t i v i t i e s  w i l l  support  t h e  So la r  %ximum Mission through b o t h  ground-based obse rva t ions  
and t h e o r e t i c a l  s t u d i e s  of h igh  energy phenomena. New t h r u s t s  w i l l  b e  i n i t i a t e d  i n  t h e  development of advanced 
g e n e r a t i o n  instrument  concepts ,  e s p e c i a l l y  f o r  t h e  extreme u l t r a v i o l e t  and x-ray wavelengths, and f o r  ana lyz ing  t h e  
i n t e r n a l  s t r u c t u r e  of dynamics of t h e  s o l a r  i n t e r i o r .  New t h r u s t s  w i l l  a l s o  b e  e s t a b l i s h e d  i n  t h e  a r ea  of a tmospher ic  
electrodynamics.  I n  t h e  a r ea  of t h e o r e t i c a l  s t u d i e s ,  i n v e s t i g a t i o n s  w i l l  b e  c a r r i e d  out b y  concent ra ted  groups of  
t h e o r i s t s  i n  t h e  f i e l d s  of s o l a r ,  i n t e r p l a n e t a r y ,  magnetospheric, ionospher ic  and atmospheric  phys ics  i n  a coord ina ted  
program aimed a t  t h e  understanding of t h e  d e t a i l e d  behav io r  of each of t h e s e  components of t h e  s o l a r  t e r r e s t r i a l  
r e l a t i o n s h i p  and t h e i r  i n t e r r e l a t i o n s h i p s .  
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BASIS OF FP 1982 ESTIMATE: 

1981 1982 
1980 Budget Current Budget 

Actual  E s t  im  t e E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Advanced technologica 1 development (ATD) ............... 5,800 6,800 8,000 7,700 

The FY 1982 funding w i l l  p rovide  f o r  con t inua t ion  of s t u d i e s  and d e f i n i t i o n  of  f u t u r e  miss ions  planned f o r  t h e  
1980's. The FY 1982 funding w i l l  a l l o w  f o r  f u r t h e r  system d e f i n i t i o n  s t u d i e s ,  and instrument  d e f i n i t i o n  f o r  
i n v e s t i g a t i o n s  s e l e c t e d  i n  FY 1980 f o r  t h e  OPEN mission.  I n  a d d i t i o n ,  funding w i l l  support  s t u d i e s  on t h e  Advanced X- 
ray  Astrophysics  F a c i l i t y  (AXAF), t h e  S tarprobe  and t h e  So la r  I n t e r n a l  Dynamics Mission (SIDM). D e f i n i t i o n  s t u d i e s  w i l l  
b e  continued t o  a s s u r e  t h e  t echno log ica l  and s c i e n t i f i c  r ead ines s  of candida te  f u t u r e  miss ions .  

FY 1982 funding i s  a l s o  r equ i r ed  t o  support  d e f i n i t i o n  of new Spacelab payloads a s  w e l l  a s  t h o s e  c u r r e n t l y  under 
s tudy  

BASIS OF FY 1982 ESTIMATE: 

b t a  analysis..................... ..................... 7,000 7,300 7,300 8,100 

Emphasis i n  t h e  da ta  a n a l y s i s  p r o j e c t ,  t o  b e  c a r r i e d  out a t  u n i v e r s i t i e s  and government r e sea rch  c e n t e r s ,  w i l l  b e  
p laced  on c o r r e l a t i v e  s t u d i e s  involv ing  da ta  acqu i r ed  from s e v e r a l  sources  ( s p a c e c r a f t ,  b a l l o o n s ,  sounding rocke t s ,  
r e sea rch  a i r c r a f t ,  and ground obse rva to r i e s ) .  FY 1982 funds w i l l  a l s o  support  t h e  ope ra t ion  of t h e  Nat iona l  Space 
Sc ience  Data Center  a t  t h e  Goddard Space F l i g h t  Center.  
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M I S  OF FY 1982 IrmSDIBG umm-s: 
SUBORBITAL PROGRAMS 

1981 1982 
1980 Budget Current Budget 

A c t u a l  E s t  iroa t e E s t i m a t e  E s t  i m a  t e 
(Thousands of D o l l a r s )  

Sounding rockets....................................... 21,700 25,000 25,000 27,700 
Airborne research...................................... 4,326 4,500 4,500 7,300 
Balloon program........................................ 1,200 1,400 1,400 2 ,500 

Total................................................ 27,226 30,900 30,900 3 7,500 

Sounding rockets....................................... 21,700 25,000 25,000 27,700 

OBJECTIVES m STATUS: 

The sounding rocket  program p r w i d e s  v e r s a t i l e ,  r e l a t i v e l y  low cos t  r e sea rch  t o o l s  t h a t  complement t h e  c a p a b i l i t i e s  of  
b a l l o o n s ,  a i r c r a f t  , f r ee- f ly ing  spacec ra f t  and t h e  Space S h u t t l e  i n  a l l  t h e  space  s c i e n c e  d i s c i p l i n e s ,  inc luding  t h e  
s tudy  of t h e  Earth’s ionosphere and magnetosphere, space  plasma phys ics ,  s t e l l a r  astronomy, s o l a r  astronomy, and h igh  
energy a s t r o p h y s i c s .  A c t i v i t i e s  a r e  conducted on b o t h  a domestic and a n  i n t e r n a t i o n a l  coope ra t ive  b a s i s .  The c u r r e n t  
level of a c t i v i t y  i s  about  60  rocket  f l i g h t s  p e r  year .  

A pr imary o b j e c t i v e  of  t h e  sounding rocket  program i s  t o  conduct a coord ina ted  r e sea rch  program wi th  f l i g h t  
requirements  t h a t  cannot b e  m e t  b y  v e h i c l e s  w i th  d i f f e r e n t  perforroance c h a r a c t e r i s t i c s .  Sounding rocke t s  a r e  uniquely  
s u i t e d  f o r  performing low a l t i t u d e  measurements (between b a l l o o n  and spacec ra f t  a l t i t u d e )  and f o r  measuring v e r t i c a l  
v a r i a t i o n s  of many a tmospher ic  parameters .  S p e c i f i c  a r e a s  of s tudy  inc lude  t h e  n a t u r e ,  c h a r a c t e r i s t i c s ,  and composi t ion 
of t h e  magnetosphere and near  space;  t h e  e f f e c t s  of incoming e n e r g e t i c  p a r t i c l e s  and s o l a r  r a d i a t i o n  on t h e  
magnetosphere, inc luding  t h e  product ion  of a u r o r a e  and t h e  coupling of energy i n t o  t h e  atmosphere;  and t h e  n a t u r e ,  
c h e r a c t e r i s t i c s ,  and spec t r a  of r a d i a t i o n  of t h e  Sun, s t a r s ,  and o t h e r  c e l e s t i a l  o b j e c t s .  

Add i t i ona l ly ,  t h e  sounding rocket  program p r w i d e s  t h e  phys ics  and astronomy program wi th  t h e  means f o r  f l i g h t  t e s t i n g  
in s t rumen t s  and experiments  be ing  developed f o r  l a t e r  f l i g h t  on t h e  Shut t le /Space lab  and space  probes;  and  f o r  
c a l i b r a t i n g  and ob ta in ing  v e r t i c a l  p r o f i l e s  i n  concert  wi th  c u r r e n t  o r b i t i n g  s p a c e c r a f t .  
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I n  1980, f i f t y  r o c k e t s  were launched from e i g h t  l o c a t i o n s  i n  t h e  United S t a t e s ,  Canada, Sweden, Norway, Kenya, and  
Anta rc t i ca .  Those r o c k e t s  supported t h e  r e s e a r c h  a c t i v i t i e s  of about f i f t y  groups from u n i v e r s i t i e s ,  p r i v a t e  i n d u s t r y ,  
NASA f i e l d  c e n t e r s ,  o t h e r  government a g e n c i e s  and f o r e i g n  space  o rgan iza t ions .  

During N 1980, sounding rocket  f l i g h t s  made i n  c o r r e l a t i o n  wi th  s e v e r a l  b a l l o o n  f l i g h t s  have discovered unexpected 

An exped i t ion  
e l e c t r i c  f i e l d s  a t  h e i g h t s  near  s i x t y  k i lomete r s .  This  d iscovery r e q u i r e s  r e v i s i o n  of p resen t  t h e o r i e s  regarding 
thunderstorm e l e c t r i c a l  systems and how t h e  atmosphere i s  coupled t o  t h e  ionosphere  and magnetosphere. 
was made t o  East Afr ica  t o  support  plasma physics  and s o l a r  physics  s t u d i e s  dur ing t h e  s o l a r  e c l i p s e  i n  February 1980. 
Chemical release experiments w i l l  con t inue  t o  b e  launched on sounding rocke t s  i n  FY 1981 t o  measure winds, wind s h e a r s ,  
t empera tu res ,  plasma motions,  and e l e c t r i c  f i e l d s  i n  support  o f  s o l a r  t e r r e s t r i a l  s t u d i e s .  

I n  t h e  astronomy and h igh  energy a s t r o p h y s i c s  d i s c i p l i n e s ,  cont inuing emphasis i s  being placed on development of  
ins t ruments  f o r  s t u d i e s  of s t a r s  and extended sources  i n  t h e  u l t r a v i o l e t  (UV) and x-ray s p e c t r a l  regions .  Of s p e c i a l  
i n t e r e s t  dur ing 1980 was a f l i g h t  of a n  u l t r a v i o l e t  imaging t e l e scope .  The ins t rument  obta ined high q u a l i t y  photographs 
of t h e  Andromeda galaxy i n  b o t h  t h e  f a r  and mid- ul t rav io le t  s p e c t r a .  These da ta  h e l p  d e l i n e a t e  ho t  young o b j e c t s  i n  
such g a l a x i e s ,  and w i l l  p rovide  important  new t a r g e t s  f o r  t h e  Space Telescope. In 1980, t h e  sounding rocket  program 
launched i t s  f i r s t  Aries rocket  wi th  a s c i e n t i f i c  payload c a p a c i t y  exceeding one ton.  The A r i e s  c a r r i e d  a grazing-  
inc idence  x-ray t e l e s c o p e  which s u c c e s s f u l l y  imaged t h e  Cas A supernova remnant and t h e  x-ray source  Cyg X- 3 .  
Subsequent f l i g h t s  w i l l  concen t ra te  o n  developing x-ray spec t roscop ic  t echn iques  f o r  advanced miss ions  such a s  AXAF. 
During 1981, t h e  f i r s t  f l i g h t  of a f a r- u l t r a v i o l e t  spect rograph i s  planned. This f l i g h t  w i l l  p rovide  a tes t  of t h e  
multi- anode microchannel a r r a y  d e t e c t o r  which i s  a s t rong  cand ida te  f o r  s e v e r a l  f u t u r e  u l t r a v i o l e t  and x-ray miss ions .  

BASIS OF FY 1982 ESTTHATE: 

FY 1982 funds  w i l l  p rovide  f o r  c o n t i n u a t i o n  of most of t h e  e f f o r t s  desc r ibed  above. Emphasis w i l l  b e  g iven  t o  
i n i t i a t i o n  of a concept c a l l e d  Experiments of Opportunity Payloads (EOP) which w i l l  make t h e  c a p a b i l i t i e s  of t h e  S h u t t l e  
a v a i l a b l e  t o  sounding rocket  exper imenters  and p o t e n t i a l l y  i n c r e a s e  s c i e n t i f i c  da ta  a c q u i s i t i o n  pe r iods  from t h e  p resen t  
f i v e  minutes per  f l i g h t  up t o  2 4  hours.  The EOP concept calls f o r  sounding rocket  payloads ,  technology, and hardware t o  
b e  launched by t h e  S h u t t l e  i n t o  a nearby o r b i t ,  o p e r a t e  i n  a f r e e- f l y e r  mode f o r  up t o  2 4  hours  and then  b e  r e t r i e v e d  
and r e t u r n e d  by  t h e  S h u t t l e .  Payloads w i l l  b e  flown on a space  a v a i l a b l e  b a s i s  and have minimum i n t e r f a c e  wi th  t h e  
Shut t 1 e .  
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Airborne research. ..................................... 

1981 1982 
1980 Budget Current Budget 

Actual  Estimte E s t  im  t e Es t imate  
(Thousands of D o l l a r s )  

4,326 4,500 4,500 7,300 

OBJECTIVES AND STATUS: 

Research wi th  instrumented je t  a i r c r a f t  ha s  been  a n  i n t e g r a l  p a r t  of t h e  o v e r a l l  NASA program i n  phys ics  and astronomy 
s i n c e  1965. The a i r c r a f t  p la t form provides  a l a r g e  payload capac i ty  and f a c i l i t i e s  f o r  extending obse rva t ions  over any  
r eg ion  of t h e  Earth.  It a l s o  may b e  t r anspo r t ed  r e a d i l y  t o  h igh  o p e r a t i o n a l  a l t i t u d e  near  15 km (50,000 f e e t )  i n  o rde r  
t o  provide  a cloud- free s i te  f o r  a u r o r a l  geophysics  experiments and a s t ronomica l  observa t ions .  The p o s s i b i l i t y  of 
conducting obse rva t ions  a t  t h i s  cloud- free a l t i t u d e  has  been e s s e n t i a l  i n  opening t o  astronomy t h e  i n f r a r e d  reg ion  of 
t h e  e l e c t r o m g n e t i c  spectrum from one micrometer t o  one m i l l i m e t e r .  
enabl ing  s c i e n t i s t s  t o  p a r t i c i p a t e  d i r e c t l y  i n  space  r e sea rch .  

The a i r b o r n e  p la t form a l s o  has t h e  advantage  of  

The a i r b o r n e  r e sea rch  program u t i l i z e s  two a i r c r a f t ,  a C-141 instrumented wi th  t h e  91-cm i n f r a r e d  (IR) t e l e scope  and a 
Cear Jet instrumented f o r  unique i n d i v i d u a l  missions.  The C- 141A "Kuiper Airborne Observatory" , which began o p e r a t i o n a l  
f l i g h t s  i n  1974, i s  a f u l l - s c a l e ,  manned f a c i l i t y .  
w i th  a p r e s s u r e  bulkhead g iv ing  t h e  as t ronomers  a comfortable,  s h i r t - s l e w e  environment i n  which t o  work. The t e l e s c o p e  
f l o a t s  on a l a r g e  a i r  bea r ing  t h a t  pe rmi t s  hours  of a c c u r a t e  s t a b i l i z a t i o n  w i t h i n  a few a r c  seconds. The weight of t h i s  
observa tory  i s  about  16 t o n s  (14.5 me t r i c  t o n s ) .  

The 91-cm f/13.5 i n f r a r e d  t e l e s c o p e  ope ra t e s  through a n  open p o r t ,  

During FY 1980, support  was provided f o r  two a i r b o r n e  exped i t i ons  t o  Panama and Japan f o r  a p l ane t a ry  o c c u l a t i o n  and a 
s o l a r  e c l i p s e  not observable  from t h e  Cont inenta l  United S t a t e s .  The main t h r u s t  of t h e  FY 1981 program w i l l  b e  
continued e x p l o r a t i o n  of s t a r  forming r eg ions  a s  w e l l  a s  t h e  development of more s e n s i t i v e  i n s t rumen ta t ion  f o r  b o t h  
photometry and spectroscopy.  

BASIS OF FY 1982 ESTIMATE: 

I n  FY 1982, a i r b o r n e  r e sea rch  funds w i l l  b e  used t o  cont inue  ope ra t ions  of t h e  Airborne Observatory and t h e  Lear Je t ,  
t o  provide  support  f o r  as t ronomica l  groups ,  and t o  cont inue  t h e  development of improved in s t rumen ta t ion  f o r  conducting 
i n f r a r e d  astronomy. 

RD 4-28 



1981 1982 
1980 Budget Current Budget 

Actual  Est imate  E s t  i m a  t e Est imate  
(Thousands of D o l l a r s )  

Balloon program.... .................................... 1,200 1,400 1,400 2 , 5 0 0  

OBJECTIVES AND STATUS: 

For t h e  development of s c i e n t i f i c  experiments f o r  space  f l i g h t  and f o r  independent s c i e n t i f i c  miss ions ,  i t  i s  
necessa ry  t o  test t h e  ins t rumenta t ion  i n  t h e  space  r a d i a t i o n  environment and t o  make obse rva t ions  a t  a l t i t u d e s  which a r e  
above most of t h e  obscuring e f f e c t s  of t h e  atmosphere,  p a r t i c u l a r l y  f o r  obsexvat ions  i n  i n f r a r e d  and cosmic ray  
astronomy. I n  many i n s t a n c e s ,  i t  i s  less expensive t o  f l y  t h e s e  experiments on ba l loons .  The funding f o r  t h i s  program 
i s  u t i l i z e d  f o r  b a l l o o n s ,  helium, launch services, t r a c k i n g  and recovery,  w h i l e  funding f o r  t h e  experiments i s  provided 
from t h e  suppor t ing r e s e a r c h  and technology program. 

During 1980, 2 1  b a l l o o n s  w e r e  flown from f i v e  g l o b a l  s i tes t o  suppor t  t h e  r e s e a r c h  a c t i v i t i e s  of approximately 19 
o rgan iza t ions .  One of t h e s e  f l i g h t s ,  ca r ry ing  a 5,000-pound package of u l t r a s e n s i t i v e  ins t ruments ,  de tec ted  a s t ream of 
a n t i m a t t e r  from i n t e r s t e l l a r  space--the f i r s t  such matter ever found o u t s i d e  a t e r r e s t r i a l  l a b o r a t o r y .  I n  t h e  i n f r a r e d  
astronomy a r e a ,  about 40 percent  of t h e  g a l a c t i c  p lane  was surveyed r e s u l t i n g  i n  t h e  d iscovery of many new i n f r a r e d  
sources .  A s o l a r  physics  f l i g h t  succeeded i n  making t h e  f i r s t  obse rva t ion  of t h e  spectrum of a s o l a r  f l a r e  using a h igh 
r e s o l u t i o n ,  l i q u i d  helium-cooled germanium gamma r a y  spect rometer .  

The FY 1981 funding provides  suppor t  f o r  about  20 f l i g h t s  inc lud ing  a n  e x p e d i t i o n  t o  H a w a i i  f o r  ca r ry ing  out 
s c i e n t i f i c  r e s e a r c h  i n  High Energy Astrophysics .  I n  i n f r a r e d  astronomy, t h e  survey of t h e  g a l a c t i c  p lane  w i l l  b e  
cont inued,  which w i l l  p rovide  a d d i t i o n a l  informat ion on t h e  r a t e  of s t a r  format ion i n  our  Milky Way system. 

BASIS OF FY 1982 ESTIMATE: 

The FY 1982 funding provides  f o r  c o n t i n u a t i o n  of t h e  b a l l o o n  program wi th  approximately t h e  same number of f l i g h t s  a s  
i n  FY 1981. 
t echn iques  t o  b e t t e r  understand how s t a r s  a r e  formed, p r i o r  t o  des igning ins t ruments  f o r  Spacelab. 

In i n f r a r e d  astronomy, emphasis w i l l  b e  on cont inuing t h e  survey of t h e  g a l a c t i c  p lane  and using new 
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RESEARCH AND D E O E U ) m  

FISCAL YEAR 1982 ESTIMATES 

BUDGET SUMMARY 

O m C E  OF SPACE SCIEUCE 

SUMMARY OF RESOURCES REQUIREMENTS 

1981 1982 
1980 Budget Current  Budget Page 

A c t u a l  E s t i m a t e  Estimate Es t imate  - NO 

(Thousands of D o l l a r s )  

GALILEO development.................................... 116,100 63,100 63 , 100 108,000 RD 5- 5 
40,000 RD 5- 6 

Mission o p e r a t i o n s  and  da ta  a n a l y s i s . .  ................. 58,800 60 , 500 61,800 50,900 RD 5- 8  
Venus o r b i t i n g  imaging radar (VOIR) development.. ...... --- -e- --- 
Research a n d  a n a l y s i s . .  ................................ 45,000 51,700 50,700 57,200 RD 5-11 

Total.'............................................... 219,900 175,300 175,600 256,100 

DISTRIBUTION OF PROGRAM AMOUNT BY INSTALLATION: 

Johnson Space Center................................... 7,495 
M r s h a 1 1  Space F l i g h t  Center .  .......................... 122 
Goddard Space F l i g h t  Center .  ........................... 4,290 

I a n g l e y  Research Center................................ 7 

Jet P ropu l s i on  l abo ra to ry . .  ............................ 139,321 
Ames Research Center................................... 40,049 

H e a d q u a r t e r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28,616 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  219,900 

5,990 
75 

3 ,680  
101,877 

24,140 

39,538 

175,3 00 

8,259 
13 5 

3,756 
104,276 

26,894 

32,280 
--- 

175,600 

8,984 
200 

4,546 
173,402 
30,279 

38,689 
--- 

256,100 
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OFFICE OF SPACE SCIERCE 

P R O J E C T  

GAL I LEO 

Venus Orbiting Imaging Radar ( V O I R )  

RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1982 ESTIMATES 

LAUNCH SCHEDULE 

M I S S I O N  

GALILEO 

V O I R  

PLANIZTARY EXPLORATION PROGRAM 

CALENDAR 
YEAR 

1985 

1986 
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OFFICE OF SPACE SCIENCE 

RESEARCH AHD DEVEU)l"T 

FISCAL YEAR 1982 ESTIMATES 

RATION PROGRAM 

F'ROGUM OBJECTIVES AHD JUSTIFICATION: 

The p l a n e t a r y  program inc ludes  t h e  s c i e n t i f i c  e x p l o r a t i o n  of t h e  p l a n e t s  and t h e i r  sa te l l i tes ,  comets and a s t e r o i d s ,  
and t h e  i n t e r p l a n e t a r y  medium. The program o b j e c t i v e s  a r e  t o  understand t h e  o r i g i n  and evo lu t ion  of t h e  s o l a r  system, 
t o  b e t t e r  understand t h e  Ear th  through comparative s t u d i e s  w i th  t h e  o t h e r  p l a n e t s ,  and t o  understand how t h e  appearance 
of l i f e  i n  t h e  s o l a r  system i s  r e l a t e d  t o  t h e  chemical h i s t o r y  of t h e  system. The p r o j e c t s  undertaken i n  t h e  pas t  have 
been  h igh ly  succes s fu l .  The s t r a t e g y  that  has been  adopted c a l l s  for a ba lanced  emphasis on t h e  t e r r e s t r i a l - l i k e  i n n e r  
p l a n e t s ,  t h e  g i a n t  gaseous o u t e r  p l a n e t s ,  and t h e  small bod ie s  (comets and a s t e r o i d s ) .  Missions t o  t h e s e  p l ane t a ry  
b o d i e s  s tar t  a t  t h e  level of reconnaissance  and  e x p l o r a t i o n  t o  a c h i e v e  t h e  most fundamental c h a r a c t e r i z a t i o n  of t h e  
b o d i e s ,  and proceed t o  a level of d e t a i l e d  s tudy.  
1960'9, and  has now been  completed. Pbrs has p r w i d e d  program focus  because  of i t s  p o t e n t i a l  a s  a s i t e  of b i o l o g i c a l  
a c t i v i t y .  The Viking landings  i n  1976 c a r r i e d  t h e  exp lo ra t i on  of t h i s  p l ane t  forward t o  a new level of s c i e n t i f i c  and 
t echno log ica l  achievement, thereby  s e t t i n g  t h e  s t a g e  f o r  t h e  next s t e p  of d e t a i l e d  s tudy .  
samples r e tu rned  by Apollo cont inue  t o  b e  h i g h l y  product ive  a s  new i n s i g h t s  i n t o  t h e  e a r l y  h i s t o r y  of t h e  i n n e r  s o l a r  
system a r e  achieved  and a s  our  t h e o r e t i c a l  concepts  a r e  r ev i sed  accord ingly .  The cont inuing  Pioneer  Venus miss ion  i s  
ca r ry ing  t h e  s tudy  of our  nea re s t  neighbor,  and c l o s e s t  p l ane t a ry  analogue,  beyond t h e  reconnaissance s t a g e  t o  t h e  poin t  
where w e  have made a b a s i c  c h a r a c t e r i z a t i o n  of t h e  massive cloud-covered atmosphere of Venus. This  c h a r a c t e r i z a t i o n  has 
a l s o  p r w i d e d  some fundamental da ta  about  t h e  format ion  of t h e  p l ane t .  
atmosphere, in format ion  about  t h e  Venus s u r f a c e  c h a r a c t e r  remains sparse .  Therefore ,  t h e  h ighes t  p r i o r i t y  g o a l  of t h e  
p l a n e t a r y  program i s  t o  f i l l  i n  t h i s  missing da t a .  
e n t i r e  s u r f a c e  of  Venus a t  about  one k i lome te r  r e s o l u t i o n  w i l l  b e  i n i t i a t e d  i n  FY 1982 leading  t o  a 1986 launch by  t h e  
Spa ce S h u t t l e .  

The reconnaissance phase of i n n e r  p l ane t  e x p l o r a t i o n  began i n  t h e  

Analyses of t h e  moon rock 

However, because  of t h e  opac i ty  of t h e  

Accordingly, t h e  Venus Orbi t ing  Imaging Radar mission t o  map t h e  

The e x p l o r a t i o n  of t h e  g i a n t  o u t e r  p l a n e t s  began r e l a t i v e l y  r e c e n t l y  w i th  t h e  P ioneer  10 and 11 f l y b y s  of J u p i t e r  i n  
1973 and  1974. 
t h e  succes s  of t h e  f l y b y s  of two Voyager spacec ra f t  through t h e  Jovian  system i n  t h e  sp r ing  and summer  of 1979. 
Nwember 1980 t h e  Voyager 1 spacec ra f t  made a h i s t o r i c  encounter  wi th  Sa turn ,  pass ing  c l o s e  t o  i t s  r i ng  system and t o  
T i t a n ,  a s  w e l l  a s  p r w i d i n g  a f i r s t  c loseup  view of s w e r a l  of t h e  o t h e r  moons. The Voyager 2 s p a c e c r a f t  i s  s t i l l  
en rou te  t o  Sa turn  where encounter  w i l l  t a k e  p l ace  i n  August 1981. The f i r s t  c loseup  examinat ion of Saturn occurred i n  
September 1979 when Pioneer  11 reached t h a t  p l ane t  a f t e r  r ece iv ing  a g r a v i t y - a s s i s t  a t  J u p i t e r  f i v e  yea r s  e a r l i e r .  
Numerous d i s c o v e r i e s  were made a s  a r e s u l t  of t h i s  encounter  and i t  was demonstrated that a s a f e ,  c l o s e  passage b y  

These s imple reconnaissance  spacec ra f t  have r e tu rned  e x c e l l e n t  da ta  which con t r ibu t ed  s i g n i f i c a n t l y  t o  
I n  
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Saturn 's  r i n g s  could b e  made. 
Pioneer  10 i s  w e l l  beyond t h e  o r b i t  of Uranus and i s  on i t s  way out  of t h e  s o l a r  system. It i s  continuing t o  p r w i d e  
new in fo rma t ion  about  a p rev ious ly  uncharted r eg ion  of i n t e r p l a n e t a r y  space. 

Voyager 2 w i l l  encounter  Sa turn  i n  1981 and  t h e n  proceed on t o  Uranus f o r  a 1986 f lyby .  

The Ga l i l eo -mis s ion  i s  a coope ra t ive  e f f o r t  between t h e  United S t a t e s  and t h e  Federa l  Republic of Germny. 
range of s c i e n c e  experiments ,  chosen t o  make maximum p rog res s  beyond t h e  Voyager f i n d i n g s ,  h a s  been  se l ec t ed .  
Ge l i l eo  development e f f o r t s  a r e  proceeding on a schedule  which w i l l  permit a n  e a r l y  1985 launch. 

A wide 
The 

The pre-eminence of t h e  United S t a t e s  program of p l ane t a ry  exp lo ra t i on  has been  based on technology l e a d e r s h i p  and on 
a foundat ion  of s t r o n g ,  coord ina ted  r e sea rch  and a n a l y s i s  programs. These programs ensure  t h a t  f u l l  advantage i s  t aken  
of t h e  s p a c e c r a f t  da t a  and samples acqu i r ed  on completed and ongoing miss ions ,  and  that t h e  necessary  r e s e a r c h  i s  
performed t o  maximize t h e  r e t u r n  from ongoing and f u t u r e  missions.  
da ta  a n a l y s i s ,  l u n a r  sample and m e t e o r i t e  a n a l y s i s ,  t e l e s c o p i c  observa t ions ,  t h e o r e t i c a l  and l a b o r a t o r y  s t u d i e s ,  and 
instrument  d e f i n i t i o n .  
a r e  s u b j e c t  t o  i n t e n s e  s c r u t i n y .  The programs a l s o  i nvo lve  i n t e r d i s c i p l i n a r y  coo rd ina t ion  among v a r i o u s  r e sea rch  
groups. 
i s  coord ina ted  wi th  r e sea rch  by  t h e  Nat iona l  Science Foundation. A c l o s e  coupling i s  maintained between t h e  r e sea rch  
programs and t h e  planning a c t i v i t i e s  that a r e  undertaken t o  d e f i n e  t h e  s c i e n t i f i c  r a t i o n a l e  and technology needs f o r  
f u t u r e  missions.  

Included i n  t h e  r e sea rch  and a n a l y s i s  e f f o r t s  a r e  

The h ighes t  s c i e n t i f i c  s t anda rds  a r e  maintained i n  these programs and b o t h  new and o ld  concepts  

The l u n a r  sample a n a l y s i s  e f f o r t  i s  mission- oriented and The r e s u l t s  of t h e  r e sea rch  i s  widely disseminated.  

Comets and a s t e r o i d s  have, t o  d a t e ,  not  been  i n v e s t i g a t e d  by spacec ra f t  missions.  Comet rendezvous and  f l yby  mission 
d e f i n i t i o n  s t u d i e s  a r e  be ing  conducted a s  technology adxances b r i n g  e x p l o r a t i o n  of these small b o d i e s  w i t h i n  our  
g ra sp .  
e a r l y  s o l a r  system. 

Study of t h e s e  p r i m i t i v e  o b j e c t s  hold t h e  promise of a breakthrough i n  ou r  understanding of t h e  n a t u r e  of t h e  
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BASIS OF FY 1982 FUHDraC S: 

GALILEO DEVELOPMENT 

1981 1982 
1980 Budget Current  Budget 

Actual E s t i m a t e  E s t i m a t e  Estimate 
(Thousands of Do l l a r s )  

S p a c e c r a f t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89,222 42,184 46,541 79,836 
F x p e r i m e n t s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19,390 11,900 10,435 12,181 
Ground operations...................................... 7,488 9,016 6,124 15,983 

Total................................................ 116,100 63,100 63,100 108,000 

Space t r a n s p o r t a t i o n  system operations................. (8,300) (10,400) (15,400) (41 , 800) 

OEJECTIVES_ AND S T A W S :  

The G a l i l e o  miss ion ,  which w i l l  conduct d i r e c t  and long- durat ion s t u d i e s  of  J u p i t e r ,  i s  a v i t a l  l i n k  i n  providing t h e  
c o n t i n u i t y ,  ba lance  and o r d e r l y  progress ion  of t h e  exp lo ra t i on  of t h e  s o l a r  system. 

The o b j e c t i v e  of  t h i s  program i s  t o  conduct a comprehensive exp lo ra t i on  of J u p i t e r ,  i t s  atmosphere, magnetosphere and 
sa te l l i tes ,  through a new deep space  s p a c e c r a f t  concept which combines bo th  remote sens ing  and d i r e c t  measurements by an  
o r b i t e r  and an  atmospheric  probe. 

The G a l i l e o  miss ion  w i l l  u t i l i z e  a s i n g l e  Space S h u t t l e  launch i n  1985 f o r  t h e  Ga l i l eo  o r b i t e r  and probe. The o r b i t e r  
and probe w i l l  arrive on t a r g e t  i n  mid 1987 t o  conduct a twenty-month i n v e s t i g a t i o n  of J u p i t e r ,  i t s  satell i tes,  and i t s  
magnetosphere. Eleven encounters  w i th  t h e  sa te l l i t e s  of J u p i t e r  a r e  planned dur ing  t h e  t ou r .  The probe w i l l  p e n e t r a t e  
t h e  atmosphere of J u p i t e r  t o  conduct s c i e n t i f i c  i n v e s t i g a t i o n s  down t o  a depth where t h e  p re s su re  i s  equ iva l en t  t o  t e n  
t i m e s  t h e  p r e s s u r e  exe r t ed  by t h e  Earth 's  atmosphere, and t h e  o r b i t e r  w i l l  r e l a y  informat ion  ga thered  back t o  Earth.  

The G a l i l e o  launch has r e c e n t l y  been s l i p p e d  from a 1984 launch t o  a 1985 launch due t o  IUS development d i f f i c u l t i e s  
which r e s u l t e d  i n  marginal  c a p a b i l i t y  t o  launch  t h e  G a l i l e o  s p a c e c r a f t  i n  1984. The e f f e c t  on t h e  c o s t  estimate through 
completion h a s  n o t  y e t  been determined. 
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I n  FY 1981, t h e  o r b i t e r  and probe d e s i g n ,  development and f a b r i c a t i o n  a c t i v i t i e s  w i l l  c o n t i n u e  and t h e  c r i t i c a l  d e s i g n  
reviews f o r  most of t h e  major subsystems w i l l  b e  completed. 

CHANGE FROM FY 1981 BUDGET ESTXMATE: 

The FY 1981 G a l i l e o  estimate remains unchanged i n  t o t a l ;  however, a d j u s t m e n t s  have been made w i t h i n  t h e  p r o j e c t .  The 
s p a c e c r a f t  funding w a s  i n c r e a s e d  t o  a l l o w  f o r  t h e  purchase  of a l i g h t e r  and more e f f i c i e n t  r a d i o a c t i v e  energy source .  
To o f f s e t  t h i s  i n c r e a s e ,  some experiment and ground o p e r a t i o n s  ac t iv i t i e s  w e r e  s h i f t e d  downstream. 

BASIS OF FY 1982 ESTIMATE: 

The FY 1982 fund ing  w i l l  prov ide  f o r  c o n t i n u a t i o n  of t h e  o r b i t e r ,  probe,  and s c i e n t i f i c  i n s t r u m e n t s  des ign .  
P re l imina ry  p a r t s  d e l i v e r i e s ,  breadboard development and subsystem f a b r i c a t i o n  and t e s t i n g  w i l l  b e  cont inued f o r  b o t h  
t h e  o r b i t e r  and probe s p a c e c r a f t .  

BASIS OF FY 1982 FUNDING REQUIREMENTS: 

VENUS ORBITING IMAGING RADAR (VOIR) DEVELOPMENT 

1981 1982 
1980 Budget Current  Budget 

Actual  E s t i m a t e  E s t i m a t e  Estimate 
(Thousands of D o l l a r s )  

Spacecraft . . . . .  ........................................ --- --- --- 17,600 
~periments............................................ --- --- --- 19,500 

--- 2,900 - --- - --- Ground operations...................................... - 
--- Total................................................ - - _40,000 

Space t r a n s p o r t a t i o n  sys tem operations................. ( --- (---I ( --- (6,600) 
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OBJECTIVES m STATUS: 

The Venus Orb i t i ng  Imaging Radar (VOIR) miss ion  w i l l  map Venus by means of a Syn the t i c  Aperture Radar (SAR) ins t rument  
on an  o r b i t i n g  s p a c e c r a f t .  
r e s o l u t i o n  and q u a l i t y  t o  t h e  o p t i c a l  images obta ined  previous ly  f o r  t h e  o t h e r  p l a n e t s  of  t h e  i n n e r  s o l a r  system. This  
mission i s  t h e  nex t  l o g i c a l  s t e p  i n  t h e  e x p l o r a t i o n  of t h e  s o l a r  system t o  advance our  comparative p lane to logy s t u d i e s .  

The V O I R  miss ion  w i l l  produce r a d a r  images, of Venus' s u r f a c e  which w i l l  b e  comparable i n  

The major o b j e c t i v e  of  t h e  V O I R  program i s  t o  use  r a d a r  imagery t o  i n v e s t i g a t e  t h e  s u r f a c e  morphology of  Venus on a 
g l o b a l  s c a l e .  The r a d a r  imagery w i l l  p i e r c e  t h e  t h i c k  atmosphere and continuous cloud cover  of Venus t o  g ive  us  our  
f i r s t  d e t a i l e d  view of t h e  s u r f a c e  topography and r e v e a l  t h e  presence o r  absence of p l a t e  t e c t o n i c  a c t i v i t y ,  impact 
c r a t e r s ,  vo lcanoes ,  mountains, and e r o s i o n a l  processes .  Secondary o b j e c t i v e s  a r e  t o  use a l t i m e t r y  and g r a v i t y  d a t a  t o  
i n v e s t i g a t e  t h e  g l o b a l  shape, c r u s t a l  t h i cknes s ,  and i n t e r i o r  of t h e  p l ane t .  

Venus i s  t h e  n e a r e s t  p l ane t  t o  Earth,  and i s  be l i eved  t o  b e  most l i k e  t h e  Ear th  i n  many phys i ca l  a s p e c t s ,  a l though 
Venus remains a n  enigma because of i t s  complete cloud shroud. In t h e  s tudy  of  comparat ive p lane to logy,  i t  is  important  
t o  understand how and when Venus and t h e  Earth d iverged  i n  t h e i r  evo lu t iona ry  p a t h s ,  and t r y  t o  answer t h e  fo l lowing  
ques t ions :  Why does  Venus have such a dense  atmosphere, l a ck ing  water  and oxygen? Has p l a t e  t e c t o n i c s  played an 
important  r o l e  i n  shaping t h e  Venusian topography? Has volcanism been a major c o n t r i b u t o r  t o  t h e  atmosphere and s u r f a c e  
c h a r a c t e r i s t i c s  a s  i t  has  on Earth? Does t h e  s u r f a c e  s t i l l  r e t a i n  a record  of e a r l y  impact c r a t e r i n g ,  now l a r g e l y  
e r a sed  on Earth? 

The V O I R  s p a c e c r a f t  w i l l  be  launched by t h e  space t r a n s p o r t a t i o n  system i n  mid-1986. Af t e r  an i n a c t i v e  c r u i s e  per iod ,  
t h e  s p a c e c r a f t  w i l l  r each  Venus i n  l a t e  1986 where i t  w i l l  perform a p ropu l s ive  maneuver f o r  o r b i t  i n s e r t i o n .  The 
i n i t i a l  p o l a r  e l l i p t i c a l  o r b i t  w i l l  be modified t o  y i e l d  a c i r c u l a r  o r b i t  a t  approximately 250 km above t h e  su r f ace .  
When t h i s  d e s i r e d  o r b i t  has  been achieved ,  t h e  s p a c e c r a f t  w i l l  b e  commanded t o  deploy i t s  s o l a r  pane l s ,  communication 
an tenna ,  and l a r g e  r a d a r  antenna i n t o  t h e  mapping con f igu ra t ion .  The s p a c e c r a f t  w i l l  be  opera ted  i n  a nadi r- poin t ing ,  
3- axis- s tab i l ized  a t t i t u d e  so  t h e  a l t i m e t e r  i s  always po in t ing  d i r e c t l y  below, and t h e  s ide- looking r ada r  antenna is 
sweeping a 30 km swath over  t h e  s u r f a c e  of  Venus. The complete mapping of t h e  p l a n e t  w i l l  t ake  about f o u r  months wi th  
over  90% of t h e  s u r f a c e  imaged wi th  a r e s o l u t i o n  of 600 meters. Systematic  coverage of a much smal le r  a r e a  w i l l  be  
provided a t  a h ighe r  r e s o l u t i o n  of 150 meters. The r a d a r  imaging d a t a  w i l l  b e  t r ansmi t t ed  t o  Ear th  over  an  X-band r a d i o  
l i n k  a t  a rate of one megabit p e r  second. 
Jet Propuls ion  Laboratory t o  produce image s t r i p s .  

The raw r a d a r  d a t a  w i l l  be  processed by d i g i t a l  computing equipment a t  t h e  

Concurrent ly wi th  t h e  r a d a r  imaging ope ra t ions ,  t h e  s p a c e c r a f t  w i l l  ope ra t e  t h e  s y n t h e t i c  a p e r t u r e  r a d a r  i n  an 
altimeter mode t o  measure t h e  abso lu t e  e l e v a t i o n s  of t h e  imaged t e r r a i n .  Doppler s h i f t s  i n  t h e  r a d i o  s i g n a l s  from t h e  
s p a c e c r a f t  w i l l  b e  analyzed t o  i n v e s t i g a t e  t h e  g r a v i t y  f i e l d  of Venus which should t e l l  us  a g r e a t  d e a l  about t h e  
i n t e r i o r  of Venus. 
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The c u r r e n t  planning estimate f o r  t h e  V O I R  i s  $500-560 mi l l i on .  This inc ludes  development through launch p l u s  t h i r t y  
days i n- f l i g h t  checkout.  The estimate f o r  suppor t  dur ing  t h e  approximately one-year miss ion  ope ra t ions  period and f o r  
a n a l y s i s  of t h e  s c i e n t i f i c  d a t a  i s  $45-75 mi l l i on .  
approximately $100 mi l l i on .  

The e s t i m a t e  f o r  Space T ranspor t a t i on  System suppor t  i s  

BASIS OF FY 1982 ESTIMATE: 

The FY 1982 funding i s  r equ i r ed  t o  i n i t i a t e  t h e  des ign  of bo th  t h e  V O I R  s p a c e c r a f t  and t h e  s y n t h e t i c  a p e r t u r e  r a d a r ,  
as w e l l  as f o r  t h e  i n i t i a t i o n  of t h e  development of t h e  nonimaging science ins t ruments .  

BASIS OF FY 1982 FUNDING REQUIREMENTS: 

MISSION OPERATIONS AND DATA ANALYSIS 

1981 
1980 Budget Current  

Actual E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

25,600 25,600 Voyager b a s i c  mission.................................. 19,000 
Voyager extended mission............................... --- 3,000 3,300 
Pioneer  Venus b a s i c  and extended mission............... 8,251 5,000 4,700 
Pioneer  6-11 extended mission.......................... 2,800 1,000 2,000 
Hel ios  extended mission................................ 100 --- 142 
Viking extended mission................................ 2,450 --- --- 
Plane t a ry  f l i g h t  support............................... 26,199 25,900 26,058 

Total................................................ 58,800 60,500 61,800 

OBJECTIVES AND STATUS: 

1982 
Budget 

Est imate 

18,000 
6,300 
2,000 --- 

--- 
24,600 

50,900 

The miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  program funds t h e  ope ra t ion  phase of  p l ane t a ry  miss ions  a f t e r  development, 
l aunch ,  and i n i t i a l  i n- f l i g h t  checkout are complete. It a l s o  provides f o r  mult imission f l i g h t  suppor t .  Current ly ,  
a c t i v e  p l a n e t a r y  miss ions  being supported wi th in  miss ion  o p e r a t i o n s  and d a t a  a n a l y s i s  a r e  Voyagers 1 and 2, Pioneer  
Venus, Pioneer  6-11, Hel ios  1 and 2, and Viking Lander 1. 
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The o b j e c t i v e  of  t h e  Voyager miss ion  w a s  t o  conduct comparative s t u d i e s  of  t h e  J u p i t e r  and Sa turn  p l ane t a ry  systems 
and t o  perform s t u d i e s  of t h e  i n t e r p l a n e t a r y  meduim between t h e  Earth and Saturn. Since t h e i r  launches i n  1977, t h e  two 
Voyager s p a c e c r a f t  have encountered J u p i t e r  and i n v e s t i g a t e d  i t s  system. Voyager 1 h a s  s i n c e  encountered Sa turn  and 
i n v e s t i g a t e d  i t s  numerous sa te l l i tes  and r i n g s .  Voyager 1 i s  now on a c r u i s e  t r a j e c t o r y  which w i l l  t ake  i t  ou t  of t h e  
s o l a r  system a t  a s t e e p  a n g l e  t o  t h e  p l ane  of  t h e  e c l i p t i c .  The s p a c e c r a f t  is cont inuing  t o  c o l l e c t  d a t a  on t h e  space  
environment a s  it  proceeds t o  i n v e s t i g a t e  t h e  o u t e r  l i m i t s  of our  s o l a r  system. 
t r a j e c t o r y  t o  Saturn. Sa turn  encounter  o p e r a t i o n s  f o r  Voyager 2 w i l l  beg in  i n  June 1981, and t h e  c l o s e s t  approach t o  
Saturn w i l l  occur  i n  August 1981. 
i n t e r p l a n e t a r y  medium as i t  cont inues  on t o  Uranus. 
Canopus S t a r  Tracker  on Voyager 1 has  experienced degraded performance. The backup system, however, appears  t o  be  
ope ra t iona l .  
s u c c e s s f u l l y  by us ing  i t s  backup r e c e i v e r ,  even though t h a t  equipment i s  somewhat impaired by a component f a i l u r e .  

Voyager 2 i s  c u r r e n t l y  on a c r u i s e  

Subsequent t o  t h i s  encounter ,  t h e  s p a c e c r a f t  w i l l  cont inue  t o  provide  d a t a  on t h e  
Both s p a c e c r a f t  appear  t o  b e  i n  good cond i t i on  al though t h e  primary 

The primary r a d i o  receiver on Voyager 2 h a s  f a i l e d  b u t  t h e  s p a c e c r a f t  can cont inue  t o  b e  opera ted  

The o b j e c t i v e  of  t h e  Pioneer  Venus miss ion  w a s  t o  o b t a i n  d e t a i l e d  informat ion  on t h e  Venusian atmosphere, t o  
i n v e s t i g a t e  t h e  p l ane t ' s  environment and t o  l e a r n  why t h e  p l a n e t ,  s o  Ear th- l ike  i n  many r e s p e c t s ,  has  an atmosphere s o  
d i f f e r e n t .  The miss ion  cons i s t ed  of two s p a c e c r a f t :  an  o r b i t e r  launched i n  May 1978 and a mult iprobe  launched i n  
August 1978. The o r b i t e r  a r r i v e d  a t  Venus on December 4, 1978, and t h e  fou r  probes  and mul t iprobe  bus  en tered  t h e  
atmosphere on December 9, 1978. The miss ion  h a s  been, and cont inues  t o  b e ,  a n  ou t s t and ing  success .  

The o b j e c t i v e  of P ioneers  6-9 was t o  exp lo re  i n t e r p l a n e t a r y  space a t  r a d i a l  d i s t a n c e s  from t h e  Sun vary ing  from 0.75 
t o  1.1 AU (The Earth 's  d i s t a n c e  from t h e  Sun is  1 AU, a n  as t ronomica l  u n i t ) .  The o b j e c t i v e  of Pioneer  10 and 11 w a s  t o  
exp lo re  space  beyond 1 AU, t h e  Asteroid B e l t ,  and t h e  environment of J u p i t e r .  P ioneers  6-9, which were launched i n  
1965, a r e  s t i l l  ope ra t iona l .  However, d a t a  i s  acqui red  only  when unusual s o l a r  ac t iv i t i e s  o r  special  al ignment  wi th  
o t h e r  s p a c e c r a f t  occur. Pioneer  10, launched i n  1972, reached J u p i t e r  i n  December 1973, and t h e  g r a v i t y  of t h e  massive 
p l a n e t  provided t h e  e x t r a  impetus t o  u l t i m a t e l y  t a k e  t h e  spacec ra f t  ou t  of t h e  s o l a r  system. Pioneer  11, launched i n  
1973, passed J u p i t e r  i n  December 1,974, and t h e  s p a c e c r a f t  t r a j e c t o r y  w a s  in f luenced  by t h e  p l ane t ' s  g r a v i t y  f i e l d  i n  
such a way s o  t h a t  i t  f l ew  by Sa turn  i n  1979. 
s u c c e s s f u l l y  . Both s p a c e c r a f t  have r e tu rned  e x c e l l e n t  d a t a  and cont inue  t o  o p e r a t e  

During FY 1981, t h e  Viking s p a c e c r a f t  i s  cont inuing  t o  c o l l e c t  d a t a  a t  a reduced level. The Lander-1, which i s  
capable  of t r a n s m i t t i n g  d i r e c t l y  t o  Earth on command, i s  t h e  only  Viking s p a c e c r a f t  s t i l l  i n  ope ra t ion .  This l ande r  i s  
i n  an au tomat ic  miss ion  mode, i n  which i t  c o l l e c t s  and s t o r e s  s e l e c t e d  d a t a  a t  reduced levels f o r  t ransmiss ion  t o  Ear th  
a t  p e r i o d i c  i n t e r v a l s .  

P l ane t a ry  f l i g h t  suppor t  p rovides  f o r  miss ion  c o n t r o l  and o t h e r  a c t i v i t i e s  which suppor t  t h e  t r ack ing ,  t e l eme t ry ,  and 
command f u n c t i o n s  f o r  a l l  p l ane t a ry  s p a c e c r a f t .  These ac t iv i t ies  inc lude  t h e  a c q u i s i t i o n ,  ope ra t i on ,  and maintenance of 
miss ion  o p e r a t i o n s  and gene ra l  purpose s c i e n t i f i c  and engineer ing  computing c a p a b i l i t i e s  a t  t h e  Jet Propuls ion  
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Laboratory (JPL), and s e l e c t e d  p r o j e c t  f u n c t i o n s  such as p repa ra t i on  of d a t a  r eco rds .  
t h e  miss ion  c o n t r o l  and computing c e n t e r  a t  JPL. 

These f u n c t i o n s  a r e  performed a t  

CHANGES FRaM FY 1981 BUDGET ESTIMATE: 

The $1.3 m i l l i o n  i n c r e a s e  i n  t h e  c u r r e n t  FY 1981 budget i s  a r e s u l t  o f  a s p e c i f i c  Congressional  i n c r e a s e  f o r  mission 

Of t h e  $1.3 m i l l i o n  i n c r e a s e ,  $300,000 w i l l  be 
ope ra t i ons  and d a t a  a n a l y s i s  i n  t h e  amount of $4.3 m i l l i o n ,  o f f s e t  by t h e  a p p l i c a t i o n  t o  t h i s  p r o j e c t  of a p o r t i o n  of  
t h e  g e n e r a l  Congressional  r educ t ion  t o  o v e r a l l  app rop r i a t i on  r eques t s .  
used f o r  J u p i t e r  d a t a  a n a l y s i s  a c t i v i t i e s  i n  l i g h t  of t h e  l a r g e  volume of i n t e r e s t i n g  d a t a  r e tu rned  from t h e  Voyager 
J u p i t e r  encounters .  
p l ane t a ry  f l i g h t  suppor t  r e f l e c t s  a minor i n c r e a s e  of  $158,000. Helios ope ra t i ons  w i l l  a l s o  b e  continued i n t o  FY 1981, 
a s  r e f l e c t e d  by t h e  i n c r e a s e  of  $142,000 t o  t a k e  advantage of t h e  e x c e l l e n t  oppor tun i ty  t o  c o l l e c t  d a t a  dur ing  a per iod  
of h igh  s o l a r  a c t i v i t y  i n  which l a r g e  even t s  are o f t e n  occurr ing  a t  t h e  rate of s e v e r a l  pe r  week. 
i n  t h e  Pioneer  Venus extended miss ion  has  been achieved without  impact on s c i e n c e  d a t a  a c q u i s i t i o n .  

$1.0 m i l l i o n  of t h e  Pioneer  6-11 d a t a  a n a l y s i s  budget amendment r educ t ions  w e r e  r e s t o r e d  and 

A $300,000 dec rease  

BASIS OF FY 1982 ESTIMATE: 

The s u c c e s s f u l  encounters  a t  J u p i t e r  by Voyager 1 and 2 and a t  Sa turn  by Voyager 1 have r e s u l t e d  i n  numerous 
s c i e n t i f i c  d i s c o v e r i e s ,  h igh  demand f o r  t h e  image products ,  and a l a r g e  d a t a  base  f o r  i n t e n s e  a n a l y s i s  by t h e  s c i e n t i f i c  
community. The FY 1982 funding w i l l  p rovide  f o r  con t inua t ion  of Voyager 1 post- Saturn encounter  miss ion  ope ra t ions  and 
f o r  t h e  i n i t i a l  phase of t h e  Voyager 2 c r u i s e  t o  Uranus. Analysis  and p u b l i c a t i o n  of t h e  r e s u l t s  of t h e  J u p i t e r  and 
Sa turn  encounters  w i l l  b e  continued i n  ??Y 1982. In  a d d i t i o n ,  funds  are a l s o  r equ i r ed  f o r  a n a l y s i s  of t h e  d a t a  obta ined  
dur ing  t h e  Pioneer  Venus mission and f o r  c o n t i n u a t i o n  of  Pioneer  6-11 mission ope ra t ions  and d a t a  a n a l y s i s .  

FY 1382 p l a n e t a r y  f l i g h t  support  funds w i l l  p rovide  miss ion  c o n t r o l  and computing suppor t  f o r  a l l  active deep space 
missions.  
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BASIS OF FY 1982 FUHDING B E Q U I ~ S :  

RESEARCH AND ANALYSIS 

1981 1982 
1980 Budget Current  Budget 

(Thousands of D o l l a r s )  
Estimate Actual  Estimate E s t i m a t e  

Supporting r e sea rch  and technology ..................... 33,600 
Advanced programs...................................... 5,400 
Mars d a t a  analysis..................................... 6,000 
Halley 's  comet co- inves t iga t ions  and watch............. 
I n f r a r e d  t e l e s c o p e  mid- level f a c i l i t y . . . . .  ............. --- --- 

Total................................................ 45,000 

37,500 37,500 
7,800 7,800 
6,400 5,400 --- --- 

51,700 50,700 

41 , 300 
8,500 
3,700 
2,000 
1,700 

57,200 

OBJECTIVES AND STATUS: 

The r e s e a r c h  and a n a l y s i s  program con ia in s  f i v e  elements  requi red  t o  a s s u r e  t h a t  d a t a  and samp-es r e t u r n e  from f l i g h t  
miss ions  are f u l l y  e x p l o i t e d ;  t o  undertake complementary l abo ra to ry  and t h e o r e t i c a l  e f f o r t s ;  t o  d e f i n e  t h e  s c i e n c e  
r a t i o n a l e  and develop r equ i r ed  technology t o  undertake f u t u r e  p l ane t a ry  miss ions ;  t o  coo rd ina t e  an I n t e r n a t i o n a l  
Halley's Comet Watch and provide  co- inves t iga t io r  suppor t  t o  t h e  European Space Agency's G io t to  mission t o  Halley's 
comet; and t o  purchase a s h a r e  of a f a c i l i t y  t o  provide  accommodations f o r  v i s i t i n g  scientists  t o  t h e  I n f r a r e d  T e l e-  
scope f a c i l i t i e s  on Mauna Kea, H a w a i i .  This f a c i l i t y  w i l l  b e  t i t l e d  t o  t h e  Un ive r s i t y  of Hawaii. 

Support inp Research and Technology -- The suppor t ing  r e sea rch  and technology i s  made up of s i x  a r e a s  of e f f o r t :  
(1) p l a n e t a r y  astronomy; (2) p l ane t a ry  atmospheres; (3) p l ane t a ry  geochemistry and geophysics;  (4) p l ane t a ry  geology;  
(5) p l a n e t a r y  materials; and (6)  ins t rument  d e f i n i t i o n .  

The p l a n e t a r y  astronomy a c t i v i t y  i n c l u d e s  a l l  p l a n e t a r y  obse rva t ions  made by ground-based, a i r b o r n e  and Ear th- orbi ta l  
t e l e scopes .  Observat ions are made a t  a wide range  of wavelengths from u l t r a v i o l e t  t o  r a d i o .  The rate of new d i s-  
cove r i e s  con t inues  t o  b e  high.  The d a t a  acqui red  are used both  f o r  b a s i c  r e s e a r c h  i n  suppor t  of p l ane t a ry  program 
o b j e c t i v e s  and f o r  d i r e c t  suppor t  of s p e c i f i c  f l i g h t  missions.  

I n  t h e  s p r i n g  of 1979, t h e  new I n f r a r e d  Telescope F a c i l i t y  i n  H a w a i i  commenced p l ane t a ry  obse rva t ions ,  and i n  
October 1979 became f u l l y  ope ra t i ona l .  In  a d d i t i o n  t o  p l ane t a ry  obse rva t ions ,  t h e  F a c i l i t y  has provided suppor t  t o  t h e  
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Voyager 2 encounter  of J u p i t e r  and t h e  Voyager 1 encounter  of Saturn.  I n v e s t i g a t i o n s  of t h e  i n f r a r e d  p r o p e r t i e s  of  t h e  
o u t e r  p l a n e t s  and t h e i r  moons a r e  underway and have a l r e a d y  produced v a l u a b l e  r e s u l t s .  

The p l a n e t a r y  atmospheres a c t i v i t y  i n c l u d e s  d a t a  a n a l y s i s ,  and l a b o r a t o r y  and theory e f f o r t s .  The p r o p e r t i e s  of o t h e r  
p l a n e t a r y  atmospheres are amenable t o  measurement and can a i d  us  i n  b e t t e r  unders tanding our  own weather and climate. 
Observat ions  of  t h e  atmospheres of  Venus and of J u p i t e r ,  acqu i red  by Pioneer  Venus and by Voyager, w i l l  l a y  t h e  b a s i c  
groundwork f o r  major advances i n  knowledge i n  atmospheric sc iences .  

The p l a n e t a r y  geochemistry and geophysics a c t i v i t y  i s  broad i n  scope and i n c l u d e s  s t u d i e s  of  t h e  composit ion and 
s t r u c t u r e  of a l l  classes of s o l a r  system o b j e c t s  and t h e  s y n t h e s i s  of d a t a  from a l l  sources  t h a t  relate t o  t h e  o r i g i n  
and e v o l u t i o n  o f  t h e  s o l a r  system. The program suppor t s  t h e  s y n t h e s i s  of p l a n e t a r y  d a t a  a l r e a d y  ob ta ined ,  and t h e  
assembly of informat ion needed t o  p repare  f o r  f u t u r e  miss ions .  Both Voyager and Pioneer Venus are providing key d a t a  
f o r  t h e  r e s e a r c h  e f f o r t s  undertaken i n  t h i s  program. 

To d a t e ,  t h e  p l a n e t a r y  geology a c t i v i t y  h a s  focused on s t u d i e s  of  t h e  i n n e r  p l a n e t s  ( inc lud ing  t h e  Moon). Voyager 
d a t a  p e r t a i n i n g  t o  t h e  moons of J u p i t e r  and Saturn have provided a new dimension f o r  t h i s  e f f o r t .  The geology program 
i s  a broad ly  based e f f o r t  i n  which comparative s t u d i e s  of common processes  a f f e c t i n g  a l l  t h e  i n n e r  p l a n e t s  provide a 
powerful technique f o r  u n r a v e l l i n g  i n d i v i d u a l  p l a n e t a r y  h i s t o r i e s ,  inc lud ing  t h e i r  e a r l y  states. Imaging d a t a ,  b o t h  
from s p a c e c r a f t  and from ground-based r a d a r ,  p rov ide  t h e  b a s i s  f o r  much of t h e  d a t a  a n a l y s i s .  

The p l a n e t a r y  materials a c t i v i t y  suppor t s  an active s c i e n t i f i c  e f f o r t  t o  determine d i r e c t l y  t h e  chemist ry ,  minera l  
composit ion,  age,  p h y s i c a l  p r o p e r t i e s ,  and o t h e r  c h a r a c t e r i s t i c s  of re tu rned  l u n a r  samples and of m e t e o r i t e s  t h a t  f a l l  
t o  Earth.  Recent ly ,  e x t r a t e r r e s t r i a l  d u s t  g r a i n s  have been c o l l e c t e d  f o r  a n a l y s i s .  These s t u d i e s  con t inue  t o  y i e l d  new 
and o therwise  unobta inab le  informat ion about t h e  s o l a r  system, p a r t i c u l a r l y  about  i t s  e a r l y  h i s t o r y .  NASA main ta ins  a 
balanced program of work on e x t r a t e r r e s t r i a l  m a t e r i a l s  c o n s i s t e n t  wi th  i t s  mission. This program is coordinated wi th  
l u n a r  sample r e s e a r c h  supported by t h e  Na t iona l  Science Foundation. 

The ins t rument  d e f i n i t i o n  a c t i v i t y  i s  d i r e c t e d  toward ensur ing  t h a t  t h e  s c i e n c e  r e t u r n  from f u t u r e  s p a c e c r a f t  miss ions  
is maximized by t h e  a v a i l a b i l i t y  of  s t a te- of- the- ar t  s c i e n t i f i c  ins t rumenta t ion .  Most of t h e  e f f o r t  i s  c u r r e n t l y  
d i r e c t e d  toward t h e  d e f i n i t i o n  of  ins t rumenta t ion  f o r  an even tua l  rendezvous miss ion t o  a comet. 

Advanced Programs -- The o b j e c t i v e  of advanced programs is t o  provide planning and p r e p a r a t i o n  f o r  t h e  sys temat ic  
e x p l o r a t i o n  of t h e  s o l a r  system on a s c i e n t i f i c a l l y  and t e c h n i c a l l y  sound b a s i s .  
i d e n t i f i e d  and def ined  through long- range s t u d i e s ;  t h e i r  t echnolog ica l  and f i s c a l  f e a s i b i l i t y  i s  eva lua ted ,  and t h e i r  
s c i e n t i f i c  merit i s  assessed  through i n t e r a c t i o n  wi th  t h e  s c i e n t i f i c  community. For near- term miss ions ,  d e t a i l e d  
p r o j e c t  p lanning and technology r e a d i n e s s  s t u d i e s  are c a r r i e d  o u t  so t h a t  t h e s e  miss ions  may b e  undertaken on schedule  
and w i t h i n  f i s c a l  c o n s t r a i n t s .  

P rospec t ive  p l a n e t a r y  miss ions  are 

RD 5-12 



Mars Data Analys is  -- The Mars Data Analys is  a c t i v i t y  cont inues  t o  a s s u r e  t h a t  w e  f u l l y  c a p i t a l i z e  on t h e  weal th of 
d a t a  provided by Viking. The a c t i v i t y  covers  t h e  broad scope of t h e  r e tu rned  d a t a  r e l a t e d  t o  t h e  d i s c i p l i n e s  of 
b io logy ,  chemis t ry ,  geology, and meteorology. 

H a l l e y ' s  Comet Co- Inves t iga t ions  and Watch -- The I n t e r n a t i o n a l  Ha l l ey ' s  Comet Co- Inves t iga t ions  and Watch will 
c a p i t a l i z e  on t h e  oppor tun i ty  t o  observe Comet Halley dur ing  i t s  nex t  a p p a r i a t i o n  i n  1985-86 by suppor t ing  co- 
i n v e s t i g a t i n g  s c i e n t i s t s  on t h e  European Space Agency (ESA) G i o t t o  miss ion  and by conducting complementary remote 
sens ing  i n v e s t i g a t i o n s  us ing  both  Ear th  o r b i t i n g  and ground-based f a c i l i t i e s .  ESA i s  planning i t s  Gio t to  mission t o  f l y  
by  &al ley  i n  March 1986, and NASA h a s  been i n v i t e d  t o  p a r t i c i p a t e  wi th  co- inves t iga to r s  suppor t ing  v a r i o u s  experiments  
on t h e  mission.  Concurrent ly,  an  obse rva t ion  program c a l l e d  t h e  I n t e r n a t i o n a l  Halley Watch w i l l  be  conducted t o  
coo rd ina t e  s c i e n t i f i c  obse rva t ions  of C o m e t  Hal ley ,  and t h e  United S t a t e s  w i l l  a c t  as a l i a i s o n  between obse rva t ions ,  
Earth o r b i t a l  miss ions ,  and deep space  missions.  

Thus f a r ,  a l l  knowledge about  comets and t h e i r  p l a c e  i n  t h e  s o l a r  system has  come from Earth-based ope ra t ions .  
Although t h e s e  obse rva t ions  are extremely v a l u a b l e  and should b e  continued,  i t  w i l l  u l t i m a t e l y  b e  necessary  t o  p lan  and 
execute  a reconnaissance  miss ion  t o  one of  t h e s e  bod ie s  b e f o r e  p a r i t y  i n  knowledge wi th  t h e  p l a n e t s  can b e  achieved. 
The r e t u r n  of Comet Halley i n  1985-86 from i ts  76-year long t r e k  around t h e  Sun w i l l  o f f e r  a rare oppor tuni ty  t o  
cont inue  t h e  remote sens ing  observing program and, a t  t h e  same t i m e ,  t o  p a r t i c i p a t e  i n  a space  miss ion  be ing  flown by 
another  n a t i o n ,  t h u s  provid ing  a major s t e p  toward c l o s i n g  t h a t  knowledge d e f i c i t .  
C o m e t  co- inves t iga t ions  and watch t o  t ake  advantage of  t h i s  oppor tuni ty  t o  s i g n i f i c a n t l y  f u r t h e r  our  knowledge of 
comets. 

It is  t h e  i n t e n t  of t h e  Halley's 

NASA p a r t i c i p a t i o n  on t h e  ESA Gio t to  miss ion  w i l l  i nc lude  reviewing on a case-by-case b a s i s  each experiment which is  
s e l e c t e d  by ESA and which has  a United S t a t e s  co- inves t iga to r ,  and i f  t h e  s e l e c t e d  experiment shows s c i e n t i f i c  r e t u r n ,  
t hen  r e sou rces  w i l l  b e  provided t o  cover  t h e  a c t i v i t y  of  t h e  r e s p e c t i v e  United S t a t e s  i n v e s t i g a t o r .  

The second a s p e c t  of  t h e  Halley Comet Co- Invest igat ions and Watch i s  t h e  I n t e r n a t i o n a l  Halley Watch Program. The 
o b j e c t i v e s  of  t h e  Watch a r e :  (1)  t o  coo rd ina t e  s c i e n t i f i c  obse rva t ions  of C o m e t  Halley throughout i t s  1985-1986 
a p p a r i t i o n ;  (2)  t o  promote t h e  use  of s tandard ized  in s t rumen ta t ion  and observing techniques ;  ( 3 )  t o  h e l p  i n s u r e  t h a t  
d a t a  are p rope r ly  documented and arch ived;  and ( 4 )  t o  receive and d i s t r i b u t e  d a t a  t o  p a r t i c i p a t i n g  s c i e n t i s t s .  

CEAUGES PROM FY 1981 ESTIHATE: 

The dec rease  of $1.0 m i l l i o n  i n  r e sea rch  and a n a l y s i s  i s  due t o  t h e  Congressional  g e n e r a l  r educ t ion  i n  o v e r a l l  
a p p r o p r i a t i o n  r eques t s .  
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BASIS OF FY 1982 ESTIMA!E: 

1981 1982 
1980 Budget Current Budget 

Actual E s t i m a t e  E s t i m a t e  Est imate 
(Thousands of D o l l a r s )  

Supporting r e sea rch  and technology.. .  .................. 33,600 37,500 37,500 41,300 

During FY 1982, r e sea rch  e f f o r t s  w i l l  cont inue  i n  t h e  areas of p l ane t a ry  astronomy, p l a n e t a r y  atmospheres, p l ane t a ry  
geochemistry and geophysics ,  p l ane t a ry  geology,  p l a n e t a r y  materials, and ins t rument  d e f i n i t i o n .  In f r a r ed  t e l e s c o p i c  
obse rva t ions  of  Sa turn  w i l l  be  undertaken i n  suppor t  of  t h e  Voyager miss ions ,  and r a d a r  t e l e scopes  w i l l  b e  used t o  
cont inue  t h e  i n v e s t i g a t i o n  of Venus and o t h e r  s o l a r  system bodies.  Other s i g n i f i c a n t  obse rva t ions  w i l l  b e  conducted 
bo th  t o  i n c r e a s e  ou r  knowledge of t h e  o u t e r  p l a n e t s  and t h e  s m a l l  bodies  of t h e  s o l a r  system, and t o  advance our  
r ead ines s  f o r  f u t u r e  missions.  A v a r i e t y  of e f f o r t s  w i l l  be  pursued t o  improve our  understanding of p l ane t a ry  
atmospheres, i nc lud ing  l abo ra to ry  s t u d i e s  of  r e a c t i o n s  i n  deep atmospheres and i n  tenuous cometary atmospheres. In t h e  
geochemistry-geophysics a r e a ,  r e sea rch  e f f o r t s  w i l l  b e  made t o  b e t t e r  understand t h e  p re sen t  s ta te  and evo lu t ion  of 
i n d i v i d u a l  bodies  and of t h e  s o l a r  system i n  gene ra l .  Geology r e sea rch  w i l l  be  d i r e c t e d  a t  s p e c i f i c  problems i n  
understanding t h e  v a r i o u s  processes  t h a t  have shaped p l ane t a ry  s u r f a c e s ,  and w i l l  a l s o  i nc lude  geo log ica l  ana lyses  and a 
car tography e f f o r t  based on t h e  Ga l i l ean  satelli te imaging d a t a  acqui red  by Voyager. Analysis  of l u n a r  samples, 
me teo r i t e s ,  and cosmic p a r t i c l e s  w i l l  cont inue  i n  o rde r  t o  determine t h e i r  chemical and phys i ca l  p r o p e r t i e s  and thereby  
t o  d e r i v e  t h e i r  o r i g i n  and evolu t ionary  h i s t o r y .  Instrument  d e f i n i t i o n  f o r  f u t u r e  miss ions  w i l l  b e  continued i n  
FY 1982.  

Advanced progr~s...................................... 5,400 7,800 7,800 8,500 

In  FY 1982 work w i l l  proceed on advanced miss ion  d e f i n i t i o n ,  and on instrument  d e f i n i t i o n  and development i n  suppor t  
of  f u t u r e  cometary and o t h e r  p l ane t a ry  s c i e n c e  miss ion  o p p o r t u n i t i e s .  

Mars d a t a  analysis...................... ............... 6,000 6,400 5,400 3,700 

The Mars d a t a  a n a l y s i s  a c t i v i t y  which began i n  FY 1979 h a s  provided suppor t  f o r  over  80 r e sea rch  e f f o r t s  i n  a wide 
range of d i s c i p l i n e  areas such as b io logy ,  chemis t ry ,  geology, and meteorology. The FY 1982 funds  w i l l  provide f o r  t h e  
complet ion of  t h e s e  e f f o r t s  and t h e  i n i t i a t i o n  of new ana lyses .  
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1981 1981 
1980 Budget Current Budget Page 

Actual E s t i m a t e  E s t i m a t e  E s t i m a t e  - No 
(Thousands of D o l l a r s )  

--- --- 2,000 Halley's  comet co- inves t iga t ions  and watch............. --- 
The FY 1982 Halley's  C o m e t  Co- Invest igat ions  and Watch funding i s  requ i red  t o  i n s t a l l  a group of  s c i e n t i s t s  a t  t h e  Jet  

Propuls ion Laboratory who i n  t u r n  w i l l  select d i s c i p l i n e  groups t o  o rgan ize  i n t e r n a t i o n a l  groups of astronomers t o  
d e f i n e  d a t a  a c q u i s i t i o n  and a rch iv ing  requirements .  

--- --- 1,700 I n f r a r e d  t e l e s c o p e  mid- level facility.................. --- 
The I n f r a r e d  Telescope Mid-Level F a c i l i t y  i s  requ i red  t o  provide accommodations and services f o r  v i s i t i n g  s c i e n t i s t s  

t o  t h e  as t ronomica l  f a c i l i t i e s  on Mauna Kea, Hawaii. 
a l s o  providing funding f o r  t h i s  f a c i l i t y  which w i l l  b e  l o c a t e d  a t  a 9,200 f o o t  e l e v a t i o n  on Mauna Kea. 
w i l l  enab le  t h e  s c i e n t i s t s  t o  r e s i d e  a t  t h i s  level whi le  performing t h e i r  p l a n e t a r y  r e s e a r c h  wi th  t h e  t e l e s c o p e s  a t  t h e  
summit si tes which are a t  approximately 14,000 f e e t .  Accommodations must b e  provided approximately  mid-way up t h e  
mountain i n  o r d e r  f o r  t h e  s c i e n t i s t s  t o  main ta in  a h e a l t h y  phys ica l  ba lance  between t h e  extremely h igh  e l e v a t i o n  of t h e  
t e l e s c o p e  viewing sites and t h e  f o o t  of t h e  mountain where h o t e l  f a c i l i t i e s  are a v a i l a b l e .  A memorandum of under- 
s tand ing  between t h e  Univers i ty  of  H a w a i i  and NASA w i l l  b e  e f f e c t e d  s t i p u l a t i n g  NASA's p r o p o r t i o n a t e  s h a r e  and occupancy 
of t h e  accommodations. 
provided by t h e  S t a t e  of  Hawaii, and t h e  FY 1982 funding i s  requ i red  f o r  NASA's p r o p o r t i o n a t e  share .  Under Sec t ion  l ( d )  
of t h e  FY 1982 Author izat ion A c t ,  fo l lowing requ i red  n o t i f i c a t i o n s ,  a g r a n t  w i l l  be  awarded t o  t h e  Univers i ty  of H a w a i i  
t o  provide funding f o r  t h e  mid- level f a c i l i t y .  
f a c i l i t y  and s h a l l  b e  ves ted  with  t i t l e  t o  t h e  f a c i l i t y .  

The United Kingdom, France,  Canada, and t h e  State of Hawaii are 
This f a c i l i t y  

This f a c i l i t y  w i l l  b e  designed and provided by c o n t r a c t  by t h e  Univers i ty  of H a w a i i  on l and  

The Univers i ty  of  Hawaii w i l l  o p e r a t e  and main ta in  t h i s  permanent 
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RESEARCH AND DBVBU)PIIENT 

FISCAL YEAR 1982 ESTIMATES 

BUDGET SUHUARY 

OFFICE OF SPACE SCIEECE 

SUMMARY OF RESOURCES REQUIREMENTS 

L i f e  s c i e n c e s  f l i g h t  experiments....................... 
Research and  analysis.................................. 

Total................................................ 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center................................... 
Kennedy Space Center................................... 
Goddard Space F l i g h t  Center.  ........................... 
Jet Propu ls ion  Laboratory.............................. 
Ames Research Center................................... 
Dryden F l i g h t  Research Center.......................... 
Langley Research Center................................ 
Headquarteres.......................................... 

Total................................................ 

1980 
Actual 

16,600 
27,200 

43,800 

16,543 
83 2 

25 
2,275 

16,092 
108 

40 
7,885 

43,800 

1981 
Budget Current 

E s t i m a t e  Estimate 
(Thousands of D o l l a r s )  

12,700 12,700 
26,400 29,488 

16,650 13 , 806 
1,029 8 02 

35 
1,166 1,123 

12,497 15,371 
2 88 555 

7,430 10,496 

--- 

--- 40 

39,100 42,188 

LIFE SCIEHCES PROGRAM 

1982 
Budget 

Estimate 

16,500 
32,700 

15,381 
1,534 

39 
1,245 

18,576 
615 

11,810 
--- 

49,200 

Page 
NO 
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BBSEARCE AND DEVELOPHJWI! 

FISCAL YEAR 1982 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE SCIKNCE LIFE SCIENCES PROGRAM 

The o b j e c t i v e  of t h e  L i f e  Sciences program i s  t o  support  NASA's o v e r a l l  g o a l s  and o b j e c t i v e s  i n  t h e  e x p l o r a t i o n  and 
u t i l i z a t i o n  of space  by  conducting s t u d i e s  i n  space  b io logy ,  and medicine, b y  expanding s c i e n t i f i c  knowledge of t h e  
o r i g i n  and e v o l u t i o n  of l i f e ,  and by  developing technology f o r  t h e  support  of h m n  l i f e  during long- durat ion space  
f l i g h t .  The r e a l i z a t i o n  of t h i s  o b j e c t i v e ,  which i s  i n t i m a t e l y  l i nked  t o  our  understanding of t h e  b a s i c  mechanisms of 
b i o l o g i c a l  p roces se s ,  i s  achieved  through a program of r e sea rch  conducted b o t h  on Earth and i n  space. The near- term 
a c t i v i t i e s  w i l l  h e lp  u s  t o  understand t h e  e f f e c t s  of t h e  space  environment on humans, f a c i l i t a t i n g  t h e i r  s a f e t y ,  and 
mximiz ing  t h e i r  p r o d u c t i v i t y  during space  f l i g h t .  This  i s  accomplished by  a p a t t e r n  of r e sea rch  which cyc l e s  from t h e  
ground-based r e sea rch  a c t i v i t i e s  t o  f lFgh t  experiments ,  and then  from f l i g h t  experiment r e s u l t s  back t o  l abo ra to ry  work 
on Earth.  Thus, t h e  l i f e  s c i ences  program u t i l i z e s  a composite of d i s c i p l i n e s  and techniques  t o  add re s s  space- re la ted  
problems i n  b io logy  and medicine. 

The L i f e ,  Sc iences  program i s  composed of f o u r  major program t h r u s t s .  The f i r s t  i s  t h e  space  b io logy  program which 
c o n s i s t s  of f l i g h t  and ground-based experiments  t h a t  focus  on understanding t h e  e f f e c t s  of t h e  space environment on 
p l a n t s  and an imals .  The unique p r o p e r t i e s  of space  (e.g., m ic ro -g rav i ty ,  r a d i a t i o n ,  e t c . )  p rovide ,  f o r  t h e  f i r s t  t i m e  
i n  our  h i s t o r y ,  a n  oppor tuni ty  t o  exp lo re  s i g n i f i c a n t  problems i n  b io logy  under a c o n t r o l l e d  set of cond i t i ons  t h a t  
cannot b e  adequa te ly  dup l i ca t ed  i n  l a b o r a t o r i e s  on Earth.  The second t h r u s t  i s  a combination of o p e r a t i o n a l  medicine 
and b iomedica l  r e sea rch .  The t h i r d  program t h r u s t  i s  t h e  s tudy  of exobiology,  wi th  s p e c i a l  emphasis on t h e  o r i g i n  and 
t h e  d i s t r i b u t i o n  of l i f e  i n  t h e  universe .  
m i n t a i n  l i f e  i n  space autonomously f o r  long pe r iods  of t i m e  ( e . g . ,  

The f o u r t h  t h r u s t  i s  t h e  r e sea rch  and a s s o c i a t e d  technology necessary  t o  
advanced l i f e  support  systems >. 

The o b j e c t i v e s  of space b io logy  a r e  m e t  b y  ground-based r e sea rch  and f l i g h t  o p p o r t u n i t i e s  on t h e  S h u t t l e  a s  w e l l  a s  
f l i g h t  o p p o r t u n i t i e s  provided by  t h e  Suviet  Union's B io log ica l  Sa t e l l i t e  program. One f l i g h t  experiment i s  be ing  
developed t o  b e  flown on one of t h e  Shu t t l e ' s  o r b i t a l  f l i g h t  tests (OSS-1) miss ion  and seven experiments  a r e  being 
developed by  NASA f o r  t h e  Spacelab-1 mission.  These experiments  emphasize t h e  s tudy  of t h e  e f f e c t s  of space f l i g h t  on 
l i v i n g  organisms, such a s  changes i n  v e s t i b u l a r  f u n c t i o n  and hematological  i n d i c e s ,  t h e  impact of space r a d i a t i o n ,  and 
t h e  e f f e c t  of g r a v i t y  on p l an t  growth and b i o l o g i c a l  rhythms. 

The g o a l s  of t h e  o p e r a t i o n a l  medicine and biomedical  r e sea rch  programs a r e  t o  a s s u r e  a s t r o n a u t  and payload s p e c i a l i s t  
h e a l t h  and t h e i r  a b i l i t y  t o  f u n c t i o n  e f f e c t i v e l y  i n  t h e  space environment, which i n  t u r n ,  w i l l  a l l o w  a b roade r  segment 
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of t h e  popu la t i on  t o  p a r t i c i p a t e  i n  a l l  a s p e c t s  of f u t u r e  space missions.  P a r t i c u l a r  emphasis i s  placed on t h e  e a r l y  
d e t e c t i o n  and prevent ion  of d e b i l i t a t i n g  d i s e a s e s ,  and on t h e  t e s t i n g  of countermeasures designed t o  prevent  untoward 
phys io log ica l  responses a s s o c i a t e d  wi th  exposure t o  t h e  space  environment. It i s  e s s e n t i a l  t h a t  continuous long-term 
monitoring of t h e  Space T ranspor t a t i on  System crew i s  performed i n  a s t anda rd  and organized f a sh ion  i n  o rde r  t o  
e s t a b l i s h  t h e  long- term c l i n i c a l  s i g n i f i c a n c e ,  and  develop of r i s k  f a c t o r s  which might b e  a s s o c i a t e d  wi th  repea ted  
exposure t o  t h e  space environment. 

The g o a l s  of t h e  exobiology a r e a  s eek  t o  understand t h e  o r i g i n  and d i s t r i b u t i o n  of l i f e  throughout t h e  universe .  
P a r t i c u l a r  emphasis i s  placed on developing sound hypotheses which u l t i m t e l y  w i l l  l e ad  t o  d iscover ing  t h e  r e l a t i o n s h i p s  
which l i n k  t h e  beginnings  of l i f e  t o  t h e  f o r m t i o n  of t h e  s o l a r  system. 
a n a l y s i s  of e x t r a t e r r e s t r i a l  m a t e r i a l s ,  coupled wi th  p l ane t a ry  f l i g h t  experiments ,  a r e  c l a r i f y i n g  t h e  mechanisms o f ,  and 
environments conducive t o ,  t h e  format ion  of e s s e n t i a l  biomolecules .  Another ground-based r e sea rch  f i e l d  i s  t h e  detec-  
t i o n  of e x t r a t e r r e s t r i a l  r a d i o  s i g n a l s  which would b e  i n d i c a t i v e  of t h e  presence  of i n t e l l i g e n t  l i f e .  This  i s  a n  
outgrowth of  p l a n e t a r y  b io logy .  

Ground-based r e sea rch  on model systems and  

The o b j e c t i v e  of t h e  advanced l i f e  support  systems i s  t h e  f o u r t h  major t h r u s t .  This  work ranges  from t h e  development 
of imprwed s u i t s  f o r  t h e  a s t r o n a u t s ;  s u i t s  t h a t  a r e  less cons t r a in ing  and more e f f i c i e n t ,  t o  t h e  s c i e n t i f i c  work i n  
chemistry and b io logy  necessary  t o  understand how l i f e  main ta ins  i t s e l f  i n  systems which only  receive energy from t h e  
ex t  erna 1 environment. 
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BASIS OF FY 1982 FUNDING BEQUIBEEIWTS: 

LIFE SCIENCES FLIGHT EXPERIMENTS 

1981 1982 
1980 Budget Current Budget 

Actual  Est imate Est imate Es t imate  
(Thousands of Do l l a r s )  

L i f e  s c i ences  f l i g h t  experiments...... ................. 16,600 1 2  , 700 12 , 700 16,500 

Space t r a n s p o r t a t i o n  system ope ra t ions .  . . . . . . . . . . . . . . . . (---I (12,000) (---I (7,000) 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  l i f e  s c i e n c e s  f l i g h t  experiments  program i s  t o  expand our  understanding of t h e  b a s i c  mechanisms 
and t i m e  cou r se  of b i o l o g i c a l  and medical processes  a s  t hey  occur during exposure t o  zero  g r a v i t y .  
experiment des ign ,  development, i n f l i g h t  execut ion ,  da ta  a n a l y s i s ,  and r epo r t i ng .  

The program inc ludes  

Management of l i f e  s c i ences  f l i g h t  experiments  i nvo lves  two main a r e a s  of development a c t i v i t i e s .  The f i r s t  a r e a  
i nvo lves  t h e  s e l e c t i o n  and development of s c i e n c e  experiments  f o r  f l i g h t .  
of a s  much g e n e r a l  purpose f l i g h t  hardware ( l abo ra to ry  equipment) a s  i s  f e a s i b l e  t o  support  t h e  f l i g h t  experiments ,  t h u s  
avoid ing  unnecessary d u p l i c a t i o n  of development c o s t s .  

The second a r e a  encompasses t h e  development 

Current a c t i v i t e s  involve  t h e  development and f a b r i c a t i o n  of l i f e  s c i ences  f l i g h t  experiments  f o r  e a r l y  
Shut t le /Space lab  f l i g h t s  (e.g.,  OSTA-1, OSS-1, Spacelab-1, and Spacelab-2). 
hardware which w i l l  f l y  on Spacelab 3 i s  i n  t h e  f i n a l  s t a g e s .  
planned f o r  t h e  f i r s t  dedica ted  l i f e  s c i ences  Spacelab mission (Spacelab 4 )  and informat ion  from t h e  d e f i n i t i o n  s t u d i e s  
has been  c l o s e l y  coupled wi th  t h e  g e n e r a l  purpose l a b o r a t o r y  equipment now under development. 

S e l e c t i o n  of t h e  l i f e  s c i ences  f l i g h t  
De f in i t i on  s t u d i e s  have been  completed on t h e  experiments  

Another element of t h e  l i f e  s c i ences  f l i g h t  experiment program i s  t h e  United S t a t e s  p a r t i c i p a t i o n  on Soviet  Cosmos 
f l i g h t s  which involves  t h e  development of experiment hardware and t h e  a n a l y s i s  of f l i g h t  d a t a .  The r e s u l t s  from t h e  
United S t a t e s  experiments  flown on Cosmos 1129, which was launched i n  October 1979, have r e c e n t l y  been  published.  
United S t a t e s  p a r t i c i p a t i o n  on t h e  next Cosmos f l i g h t ,  which i s  scheduled f o r  1982, has been  nego t i a t ed  wi th  t h e  
Sovie ts .  The Cosmos f l i g h t s  a l l o w  a s c i e n c e  da ta  oppor tun i ty  f o r  t h e  United S t a t e s  and ,  more s p e c i f i c a l l y ,  a n  
oppor tun i ty  t o  prepare  f o r  f u t u r e  Shut t le /Space lab  miss ions .  
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BASIS OF ?Y 1982 ESTRIATE: 

The FY 1982 funding i s  requ i red  f o r  t h e  cont inuing d e f i n i t i o n  and development of experiments which w i l l  b e  flown on 
f u t u r e  Spacelab missions.  For example t h e  experiment flown on OSS-1 wi l l  b e  r e f u r b i s h e d  t o  be p a r t  of t h e  payload on 
Spacelab-2, a l o n g  wi th  t h e  development of  a n  a d d i t i o n a l  l i f e  sciences experiment.  
payload f o r  Spacelab-3 wi l l  be completed i n  FY 1982, and assembly and test wi l l  b e  i n i t i a t e d .  Payload s e l e c t i o n  f o r  t h e  
f i r s t  ded ica ted  L i f e  Sciences  Spacelab miss ion  w i l l  a l s o  b e  completed i n  FY 1982 and development of f l i g h t  hardware will 
b e  i n i t i a t e d  and p a r t i c i p a t i o n  i n  t h e  S w i e t  Cosmos program w i l l  b e  continued. The FY 1982 funding i s  also requ i red  f o r  
a n a l y s i s  of  d a t a  from t h e  United S t a t e s  experiments flown on t h e  Cosmos 1129 mission. 

Development of t h e  l i f e  s c i e n c e s  

M I S  OF FY 1982 PDNDIRG S: 

RESEARCH AND ANALYSIS 

1981 1982 
1980 Budget Current Budget 

Actual E s t  i m a  t e Estimate Est imate  
(Thousands of D o l l a r s )  

L i f e  s c i e n c e s  r e s e a r c h  and a n a l y s i s . .  . . . . . . . . . . . . . . . . . . 27,200 26,400 29,488 32,700 

0luEcT1vEs m STATUS: 

The r e s e a r c h  and a n a l y s i s  a c t i v i t i e s  of  t h e  l i f e  s c i e n c e s  program r e p r e s e n t  t h e  ground-based resea rch  i n  space r e l a t e d  
The program is  comprised b i o l o g i c a l  and biomedical  problem a r e a s  t h a t  have been i d e n t i f i e d  i n  p rev ious  manned f l i g h t s .  

of f i v e  elements:  (1) o p e r a t i o n a l  medicine,  (2)  b iomedical  r e s e a r c h ,  (3) space  b i o l o g y ,  (4 )  exobiology, and (5) l i f e  
support  systems resea rch .  

The l i f e  s c i e n c e s  o p e r a t i o n a l  medicine program i s  t h e  c a t a l y s t  r e s p o n s i b l e  f o r  b r i n g i n g  t h e  s c i e n c e ,  technology,  and 
p r a c t i c e  o f  medicine t o  b e a r  on so lv ing  t h e  problems of s u s t a i n i n g ,  suppor t ing ,  and p r o t e c t i n g  i n d i v i d u a l s  working i n  
t h e  space environment. 
t reatment  of i n- f l i g h t  i l l n e s s e s  o r  i n j u r i e s  i s  p r w i d e d .  The space t r a n s p o r t a t i o n  system wi l l  a l l o w  f o r  a complement 
of crews o f  v a r i e d  background, a g e ,  and sex,  who w i l l  work f o r  d i f f e r e n t  l e n g t h s  of t i m e  i n  t h e  unique environment of  
space. Thus, a new dimension of f requen t  and r e p e t i t i v e  exposure t o  z e r o- g r a v i t y  w i l l  b e  in t roduced.  Such 
m a n i f e s t a t i o n s  a s  " space motion s ickness" ,  f h i d  s h i f t s ,  endocr ine  s h i f t s  (which can r e s u l t  i n  decreased performance i n  
f l i g h t ) ,  decreased p o s t f l i g h t  ca rd iovascu la r  t o l e r a n c e ,  and p o s s i b l e  a g g r a v a t i o n  of l a t e n t  d i s e a s e s ,  w i l l  b e  c a r e f u l l y  
documented and ,  where f e a s i b l e ,  prevented.  To t h i s  end, s p e c i f i c  o p e r a t i o n a l  requirements  such a s  c a r e f u l  medical  

This  i n c l u d e s  a s s u r a n c e  t h a t  p h y s i c a l  w e l f a r e  and performance i s  preserved and t h a t  adequa te  

RD 6-5 



s e l e c t i o n ,  p e r i o d i c  e v a l u a t i o n  of h e a l t h  s t a t u s  ( inc lud ing  pre-  and p o s t- f l i g h t  medical  obse rva t ion)  , i n- f l i g h t  
monitoring of t h e  t i m e  course  of a d a p t a t i o n  and performance i n  t h e  space  environment w i l l  b e  c o n t i n u a l l y  r eeva lua ted  and  
updated. S i g n i f i c a n t  emphasis i s  placed on real-time t e s t i n g  of promising countermeasures developed by t h e  r e sea rch  and 
a n a l y s i s  programs under c o n t r o l l e d  cond i t ions .  

The biomedical  r e s e a r c h  program o b j e c t i v e  i s  t o  develop t h e  b a s i c  medical  knowledge needed t o  enab le  men and women t o  
o p e r a t e  more e f f e c t i v e l y  i n  space.  The program i s  organized i n t o  d i s c r e t e  elements wi th  each designed p r i m a r i l y  t o  
r e c t i f y  a p a r t i c u l a r  phys io log ica l  problem expected t o  a f f e c t  t h e  human organism i n  prolonged o r  r e p e t i t i v e  space  
f l i g h t .  Thus, motion s i c k n e s s ,  bone l o s s ,  and hormonal d i s tu rbances  a r e  t h e  s u b j e c t s  of a continued sea rch  f o r  
countermeasures.  The program i s  l a r g e l y  dependent upon t h e  use  of ground-based analogues  of space  f l i g h t .  Spec ia l  
regimens of bed rest, water immersion, and c e n t r i f u g e  t i m e  a r e  employed t o  evoke s p e c i f i c  responses  i n  bo th  humans and 
animals .  New t echn iques  such a s  tomography and rad ionuc l ide  imaging a r e  be ing  pe r fec ted  t o  s tudy t h e s e  changes i n  
l i v i n g  organisms. 

The space  b io logy  a c t i v i t y  w i l l  exp lo re  t h e  r o l e  of g r a v i t y  i n  l i f e  p rocesses  and use  g r a v i t y  a s  a n  environmental  t o o l  
t o  i n v e s t i g a t e  fundamental b i o l o g i c a l  ques t ions .  S p e c i f i c  o b j e c t i v e s  a r e  t o :  (1) i n v e s t i g a t e  and i d e n t i f y  t h e  r o l e  of 
g r a v i t y  i n  p l a n t  and animal  c e l l u l a r  p rocesses ,  embryonic development , morphology and physiology; ( 2 )  i d e n t i f y  t h e  
mechanisms of g r a v i t y  sens ing and t r ansmiss ion  of g r a v i t y  pe rcep t ion  informat ion w i t h i n  b o t h  p l a n t s  and an imals ;  (3 )  
i d e n t i f y  t h e  i n t e r a c t i v e  e f f e c t s  of g r a v i t y  and o t h e r  s t i m u l i  (e.g., l i g h t )  and stresses (e.g., v i b r a t i o n )  on t h e  
development of metabolism of organisms; ( 4 )  use  g r a v i t y  t o  s tudy  t h e  normal n a t u r e  and p r o p e r t i e s  of l i v i n g  organisms; 
and (5) extend t h e  l i m i t s  of knowledge about  p l a n t  and animal  growth and metabolism t o  provide  f o r  long- term s u r v i v a l  
and mul t igenera t ion  reproduc t ion  of l i f e  i n  space.  This program provides  b a s i c  ground-based informat ion i n  support  of 
f u t u r e  space  f l i g h t  experiments and l i f e  suppor t  systems. 

Exobiology i s  t h e  s tudy of t h e  o r i g i n ,  e v o l u t i o n  and d i s t r i b u t i o n  of l i f e  and l i f e - r e l a t e d  molecules on Ear th  and 
beyond. Soph i s t i ca ted  a n a l y s e s  of, l i f e  a s  we know i t ,  i t s  chemical p recurso r s  and i t s  o r i g i n ,  coupled wi th  
e x t r a p o l a t i o n  t o  e x t r a t e r r e s t r i a l  environments,  a f f o r d  a unique oppor tun i ty  t o  a d d r e s s  a most fundamental ques t ion  
regarding t h e  e x i s t e n c e  of such p rocesses  beyond t h e  Earth.  Theories about chemical  evo lu t ion  and t h e  o r i g i n  of l i f e  
a r e  be ing  r e f i n e d  t o  r e f l e c t  r e s u l t s  from t h e  most r ecen t  p l a n e t a r y  and as t ronomica l  e x p l o r a t i o n s .  The c u r r e n t  r e s e a r c h  
program a l s o  is  uncovering a n  i n t i m a t e  a s s o c i a t i o n  between t h e  o r i g i n  and e v o l u t i o n  of l i f e  on Ear th  and t h e  p rocesses  
which shaped t h e  e v o l u t i o n  of t h e  s o l a r  system i t s e l f .  
when completed, w i l l  u l t i m a t e l y  a l l o w  t es t s  of t h e  concept of u n i v e r s a l i t y  of b i o l o g i c a l  p rocesses .  

These d i s c o v e r i e s  have h i g h l i g h t e d  gaps  i n  our knowledge which, 

The l i f e  suppor t  systems r e s e a r c h  w i l l  f ocus  on cont inuing r e s e a r c h  and development e f f o r t s  aimed a t  enhancing our 
a b i l i t y  t o  suppor t  long- duration manned space  occupancy, and maximizing a s t r o n a u t  and passenger- sc ien t i s t  
p r o d u c t i v i t y .  Achievement of t h e s e  g o a l s  i s  sought through improved h a b i t a b i l i t y ,  and man-machine r e l a t i o n s h i p s ,  a s  
w e l l  a s  p r o v i s i o n  of d i r e c t  suppor t ive  needs such a s  food,  water, and h a b i t a b l e  atmosphere. The program w i l l  con t inue  
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t o  s tudy t h e  c a p a b i l i t y  f o r  g e n e r a t i o n  and r e u s e  of water  and a i r  f o r  longer  d u r a t i o n  miss ions  a s  con t r a s t ed  t o  t h e  
expendable- type l i f e  support  systems c u r r e n t l y  a v a i l a b l e .  

CEANGES FROM FY 1981 BUDGET ESTIMATE: 

The i n c r e a s e  i n  t h e  FY 1981 budget estimate i s  a r e s u l t  of a d d i t i o n a l  Congressional  a p p r o p r i a t i o n  f o r  l i f e  s c i ences  
r e sea rch  and a n a l y s i s .  This funding w i l l  b e  u t i l i z e d  f o r  t h e  con t inua t ion  of e f f o r t s  i n  v e s t i b u l a r  r e sea rch  and 
advanced l i f e  support  systems. 

BASIS OF FY 1982 ESTIMATE: 

The o p e r a t i o n a l  medicine program w i l l  cont inue  t o  i n v e s t i g a t e  t h e  p o s s i b l e  occupat iona l  exposures i n  ze ro - g rav i ty ,  and 
t h e  development of t r a i n i n g  and remedial  p r even t ive  measures, t oge the r  wi th  mod i f i ca t i on  of medical  c a r e  procedures 
u t i l i z e d  on Ea r th  t o  m e e t  t h e  unique requirements  of t h e  space  environment. 

The b iomedica l  r e sea rch  program w i l l  cont inue  t o  focus  p r imar i l y  on t h e  motion s i cknes s  problem because  of i t s  
re levance  t o  S h u t t l e  ope ra t i ons .  Cardiovascular  and musculoske le ta l  s t u d i e s  w i l l  a l s o  b e  pursued i n  r ecogn i t i on  of t h e  
cons ide rab l e  fundamental knowledge t h a t  must b e  acqu i r ed  i n  t h e s e  a r e a s  b e f o r e  e f f e c t i v e  countermeasures can b e  
devised.  Increased  awareness and understanding of t h e  r a d i a t i o n  hazard has r e s u l t e d  i n  more emphasis be ing  placed on 
t h e  biomedical  e f f e c t s  of h igh  energy r a d i a t i o n  and upon r a d i a t i o n  p r o t e c t i o n .  
w i l l  d e a l  w i th  t h e  psychologica l  accompaniments of space  f l i g h t  and wi th  mathematical  modeling procedures.  As t h e  
d u r a t i o n  of space  f l i g h t  i n c r e a s e s ,  p a r t i c u l a r  emphasis must b e  placed on t h e  b e h a v i o r a l  s c i ences .  

b j o r  new avenues of modeling r e sea rch  

The space b io logy  program w i l l  cont inue  t o  r e sea rch  t h e  stress responses t o  hypo- and hype r -g rav i ty  and t h e  
r e l a t i o n s h i p  of t h e s e  responses t o  t hose  provoked by  o t h e r  stresses and s t i m u l i .  The use  of g r a v i t y  a s  a t o o l  t o  
i n v e s t i g a t e  fundamental endocr ine  responses  and b a s i c  b i o l o g i c a l  c o n t r o l  mechanisms w i l l  b e  expanded. 
program w i l l  cont inue  t o  p r w i d e  ground-based da ta  f o r  d e f i n i t i o n  of f u t u r e  Shut t le /Space lab  f l i g h t  experiments. 

The space b io logy  

Exobiology r e s e a r c h  w i l l  concen t r a t e  on s t u d i e s  of t h e  h i s t o r y  of b iogen ic  e lements ,  t h e  e f f e c t  of -ex t r ap l ane t a ry  and 
a s t r o p h y s i c a l  even t s  on evo lu t ion  of complex l i f e  and t h e  d i s t r i b u t i o n  of l i f e  i n  t h e  un ive r se  t o  t r y  t o  m k e  t h e  
s c e n a r i o  pf l i f e  i n  t h e  un ive r se  complete. 
ana lyze  e x t r a t e r r e s t r i a l  r a d i o  s i g n a l s  f o r  p a t t e r n s  t h a t  may b e  genera ted  by  i n t e l l i g e n t  sources .  

E f fo r t  w i l l  cont inue  on t h e  d e f i n i t i o n  and development of techniques  t o  

The l i f e  support  systems program w i l l  cont inue  t o  i n v e s t i g a t e  b a s i c  b i o l o g i c a l  processes  and phys ica l /chemica l  methods 
which w i l l  p r w i d e  t h e  c a p a b i l i t y  t o  r e c y c l e  wiste, food ,  atmosphere and water. 
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SPACE AND 
TERRESTPIAL 

APPLICATIONS PROGRAMS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Programs 

FISCAI, YEAR 1982 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR SPACE AND TERRESTRIAL APPLICATIONS 

Budget Plan 
1981 1982 

1980 Budget Current Budget - 
Actual Es tikt te Estimate Estimate 

(Thousands of Dollars) 

Space applications .................................... 331,620 381,700 353,550 472,900 

................................ 14,600 

487 -500 

Technology utilization 11,980 13,100 11,800 

Total... 343.600 394.800 365.350 ............................................ 

SA 1 





FISCAL YEAR 1982 EST-S 

OFFICE OF .SPACE AHD TKRRESTBIAL APPLICATIOIOS SPACE APPLICATIOHS PROGRAM 

SUMMARY OF RESOURCE REQUIREMENTS 

1981 1982 
1980 Budget Current Budget Page 
Actual E s t i m a t e  Estimate Estimate NO 

(Thousands of Do l l a r s )  

Resource observations.................................. 150,953 170,300 161,350 187,200 RD 7-9 
Environmental observations............................. 105,990 109,600 111,100 194,600 RD 7-31 
Appl ica t ions  systems................................... 24,567 18,100 18,100 14,400 RD 7-55 

Materials process ing  i n  space.......................... 19,768 22,200 21,700 32,100 RD 7-60 
Communications and informat ion  systems................. 20,255 29,000 31,200 35,600 7-66 

Technology transfer.................................... 10,087 7,500 10,100 9,000 RD 7-57 

Total.......................................... 331,620 356,700 353,550 472,900 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center................................... 25,616 41,090 
Kennedy Space Center................................... 508 180 
Marshall  Space F l i g h t  Center........................... 28,460 21,800 
National  Space Technology Laboratories................. 3,190 2,175 
Goddard Space F l i g h t  Center............................ 181,788 196,100 
Jet Propulsion Laboratory.............................. 24,999 19,870 
Wallops F l i g h t  Center.................................. 4,119 4,340 
Ames Research Center................................... 16,560 17,250 
Langley Research Center................................ 16,378 11,290 
Lewis Research Center.................................. 11,897 16,980 
Headquarters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18,105 25,625 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  331,620 356,700 

38,503 
110 

21,420 
3,060 

195,310 
22,630 
4,190 
17,937 
12,410 
19,464 
18,516 

353,550 

44,775 
170 

29,620 
2,750 

278,135 
40,250 
6,040 

12,535 
18,325 
18,580 
21,720 

472,900 
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OFFICE OF SPACE AHD TERRESTRIAL APPLICATIOBS 

Proj  ec t 

Re source  Ob s erva t i o  n 
Ea r th  Resources Technology Sate l l i tes  

Shut t 1 e / Spac e l  ab Payload Development 

Environmental Observation : 
S h u t t l e /  Spacelab Payload Development 

Ear th  Radia t ion  Budget Experiment 

Halogen Occul ta t ion  Experiment 

Nat ional  Oceanic Sa te l l i t e  System 

Materials Processing i n  Space: 
Materials Experiment Operat ions 

S h u t t l e /  Spacelab Payload Development 

Space Communications: 
Search and Rescue Mission 

BgSEARCH AND DEVELOPMJZ" 

FISCAL YEAR 1982 ESTIMATES 

FLIGHT SCHEDULF 

Mission 

Launch of  Landsat-D 

O r b i t a l  F l igh t  T e s t  Missions 
Spacelab Payloads 

O r b i t a l  F l i g h t  T e s t  Missions 
Spacelab Payloads 

Launch of  ERBS 
ERBE instrument t o  be  launched 
on NOAA F&G 

Launch on ERBS 

Launch of f i r s t  spacec ra f t  

Sounding Rocket F l i g h t  

SPACE APPLICATIOBS PROGRAU 

Calendar Year 

1982 

1981 
Beginning i n  1984 

1981 
Beginning i n  1983 

1984 

1983 & 1985 
( sub jec t  t o  NOAA ca l l- up)  

1984 

1986 

1981 
F l i g h t  of S h u t t l e  Mid-deck Experiments Beginning i n  1981 

Spacelab and P a l l e t  Payloads 1984 

Instruments  t o  b e  launched on NOAA-E, 1982, 1983, 1985 
F, & G (TIROS-N s e r i e s )  s p a c e c r a f t  ( sub jec t  t o  NOAA ca l l- up)  
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Project 

Reimbursable Missions: 

GOES* 

NOAA* 

Mission 

Launch of GOES E - F 

Launch of NOAA C 4  

*National Oceanic and Atmospheric Adminstration (NOAA) funded. 

Calendar Year 

1981 & 1983 

1981 - 1985 
(Subject to  call-up 
by NOAA) 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1982 ESTIMATES 

OFFICE OF SPACE AHD TERRESTRIAL APPLICATIOBS SPACE APPLICATIOBS PROGRAM 

PROGRAM OMECTIVES bw) JUSTIFICATION: 

The o b j e c t  of t h e  Space Appl ica t ions  program i s  t o  conduct r e sea rch  and development a c t i v i t i e s  t h a t  demonstrate  and 
t r a n s f e r  space- re la ted  technology,  systems and o t h e r  c a p a b i l i t i e s  which can b e  e f f e c t i v e l y  used f o r  down-to-Earth 
p r a c t i c a l  b e n e f i t s .  These a c t i v i t i e s  are grouped i n  t h e  fo l lowing  gene ra l  areas: r e sou rce  obse rva t ions ,  environmental  
obse rva t ions ,  a p p l i c a t i o n s  systems,  technology t r a n s f e r ,  m a t e r i a l s  process ing  i n  space ,  and communications and 
informat ion  systems. 

In  each of  t h e s e  areas, programs a r e  be ing  planned and conducted t o  c o n t r i b u t e  t o  t h e  s o l u t i o n  of p re s s ing  n a t i o n a l ,  
a s  w e l l  as  i n t e r n a t i o n a l ,  problems and needs. 

Resource Observat ions - This  program addres se s  t h e  needs f o r  in format ion  of  v i t a l  economic v a l u e  t o  t h e  United S t a t e s  
and of  worldwide humanitar ian concern r equ i r ed  f o r  management of t h e  world's l i m i t e d  food,  water, and energy s u p p l i e s ,  
and f o r  t h e  i d e n t i f i c a t i o n  of p o t e n t i a l  g e o l o g i c a l  hazards .  
use  of space  and space  technology t o  provide  t h e  United S t a t e s  wi th  a g loba l  c a p a b i l i t y  f o r  monitoring and f o r e c a s t i n g  
major a g r i c u l t u r a l  commodities, f o r  water r e sou rces  management, f o r  land  use  assessment ,  f o r  improving t h e  exp lo ra t i on  
f o r  minera l  and energy r e sou rces ,  and f o r  understanding t h e  dynamic c h a r a c t e r i s t i c s  of t h e  s o l i d  Earth and i t s  c r u s t ,  
i nc lud ing  t e c t o n i c  p l a t e  motion, s t a b i l i t y ,  and c r u s t a l  deformation. Inherent  i n  t h e  p u r s u i t  o f  t h e s e  o b j e c t i v e s  i s  t h e  
involvement of  t h e  u s e r s  of space- derived informat ion  i n  t h e  t o t a l  program ac t iv i t i e s ,  from t h e  planning t o  t h e  
development, tes t ,  v e r i f i c a t i o n ,  and a p p l i c a t i o n  of t h e  techniques.  

The p r i n c i p a l  o b j e c t i v e s  a r e  t o  develop and demonstrate  the 

P r i n c i p a l  a c t i v i t i e s  i nc lude  t h e  i d e n t i f i c a t i o n  of u se r  in format ion  needs,  development of remote sens ing  and 
informat ion  e x t r a c t i o n  techniques ,  p rov i s ion  f o r  t h e  a c q u i s i t i o n  of space  d a t a ,  and j o i n t  r e sea rch ,  development and test  
p r o j e c t s  wi th  u s e r s ,  l e ad ing  even tua l ly  t o  t h e  e s t ab l i shmen t  and r o u t i n e  u se  of g l o b a l  d a t a  c o l l e c t i o n  systems. 
Cur ren t ly ,  Landsat-2 and -3 are provid ing  a wide v a r i e t y  of u s e f u l  da t a .  Landsat-D, w i th  improved sens ing  c a p a b i l i t i e s ,  
is  under development and w i l l  be  launched i n  t h e  t h i r d  q u a r t e r  of 1982. NASA w i l l  suppor t  t h e  Nat iona l  Oceanic and 
Atmospheric Adminis t ra t ion  (NOAA) and i t s  new r e s p o n s i b i l i t y  f o r  management of  t h e  o p e r a t i o n a l  land  observing system. 
Experiments designed t o  test t h e  a p p l i c a b i l i t y  of act ive microwave measurements and h igh  r e s o l u t i o n  imagery f o r  mapping 
i n v e s t i g a t i o n s  are planned f o r  f l i g h t  on e a r l y  S h u t t l e  miss ions .  S tud ie s  are a l s o  underway t o  d e f i n e  t h e  Opera t iona l  
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Land Observing System (OLOS) t o  r e p l a c e  t h e  Landsat-D based i n t e r i m  o p e r a t i o n a l  system i n  t h e  199O's, t o  d e f i n e  a s o l i d  
s t a t e  pushbroom scanner  f o r  improved services t o  t h e  u s e r s  i n  t h e  ope ra t iona l  era, and f o r  improved remote s enso r s  f o r  
m u l t i p l e  a p p l i c a t i o n s .  J o i n t  r e sea rch ,  development, and t e s t i n g  ac t iv i t ies  wi th  o t h e r  Federa l  agencies  are underway t o  
advance our  understanding of how t o  apply  m u l t i p l e  d a t a  sources  i n  improving a g r i c u l t u r u a l  e a r l y  warning and c rop  
cornmodity f o r e c a s t i n g .  J o i n t  r e sea rch  ac t iv i t i e s  are planned wi th  o t h e r  Federa l  agencies  and coord ina ted  wi th  
i n t e r n a t i o n a l  o rgan iza t ions  f o r  ad-Jancing t h e  s c i e n t i f i c  knowledge of t h e  s o l i d  Earth.  

Environmental. Observat ion - Understanding t h e  dynamics and l i m i t a t i o n s  of  our  environment i s  e s s e n t i a l  t o  ou r  long- 
t e r m  s u r v i v a l  and t o  many of  our  day- to-day ac t iv i t ies .  P r e d i c t i o n  of t h e  weather ,  c o n t r o l  of p o l l u t i o n ,  s h i p  r o u t i n g ,  
s torm warnings,  and modeling of long- term t r e n d s  i n  climate and i n  t h e  s t r a t o s p h e r e ,  are a l l  areas where such 
understanding is  pu t  t o  day-to-day o r  s t r a t e g i c  planning uses.  NASA's environmental obse rva t ion  program aims a t  
improving t h e  understanding of processes ,  i n  t h e  atmosphere and t h e  oceans,  p rovid ing  space obse rva t ions  of parameters  
involved i n  t h e s e  processes  and extending t h e  n a t i o n a l  c a p a b i l i t i e s  t o  p r e d i c t  environmental phenomena and t h e i r  
i n t e r a c t i o n  wi th  human a c t i v i t i e s .  Because many of t h e s e  phenomena are g l o b a l  o r  r e g i o n a l  i n  e x t e n t ,  t hey  can b e  most 
e f f e c t i v e l y ,  and sometimes s c l e l y ,  s t ud i ed  from space. NASA's program inc ludes  r e sea rch  e f f o r t s  p l u s  t h e  development, 
demonstrat ion and t r a n s f e r  of new technology f o r  g l o b a l  and synopt ic  measurements. 
spec-ial view of t h e  r a d i a t i v e ,  chemical ,  and dynamic processes  occurr ing  i n  t h e  atmosphere and oceans. 

NASA's r e sea rch  s a t e l l i t e s  g i v e  a 

Tae environmental  obse rva t ions  program inc ludes  s t u d i e s  and f l i g h t  miss ions  d i r e c t e d  a t  a l l  of t h e  l a y e r s  of  t h e  
atmosphere from t h e  h i g h e s t  l a y e r  of t h e  upper atmosphere down t o  and inc lud ing  t h e  upper l a y e r s  of t h e  oceans. 
program a r e a s  i nc lude :  (1)  upper atmospheric  r e sea rch ,  ( 2 )  t r oposhe r i c  a i r  q u a l i t y ,  (3 )  g l o b a l  weather ,  ( 4 )  severe 
s torms,  ( 5 )  oceanic  processes  ( inc luding  ocean c i r c u l a t i o n ,  sea and g l a c i e r  ice,  c o a s t a l  and in l and  waters, air-sea 
i n t e r a c t i o n  and marine boundary l a y e r ) ,  and (6) climate. This  i n t e g r a t e d  approach encompasses t h e  d i v e r s e  f i e l d s  of 
meteorology, c l imato logy,  atmospheric  chemis t ry ,  a tmospheric  phys ics ,  and oceanography, and focuses  on t h e  s p e c i a l  
c o n t r i b u t i o n s  of space- derived da t a .  

The 

S t u d i e s  of t h e  upper atmosphere are producing informat ion  on s p a t i a l  and temporal d i s t r i b u t i o n  of ozone, are 
determining i n t e r a c t i o n  among key processes ,  and are developing a s t r a t e g y  f o r  comprehensive obse rva t ions  and 
monitoring.  The process ing  of Nimbus Backsca t te r  U l t r a v i o l e t  (BUV) t o t a l  ozone and upper s t r a t o s p h e r e  ozone d a t a  f o r  
t h e  pe r iod  1970-1977 has  been completed. 
de r ived  ozone d i s t r i b u t i o n s  a s  a func t ion  of  t h e  complex chemical system of t h e  s t r a t o s p h e r e .  
underway and t h e  ins t ruments  necessary  f o r  t h e  nex t  s t e p  i n  remote sens ing  of t h e  upper atmosphere are being developed. 

W e  have a l s o  been a b l e  t o  s e p a r a t e  b i e n n i a l  from annual  t r ends  and have 
Advanced s t u d i e s  a r e  

NASA's r o l e  i n  suppor t  of o p e r a t i o n a l  s a t e l l i t e s ,  t h e  NOAA and GOES series, i s  w e l l  e s t a b l i s h e d .  TIROS-N, NOAA-A and 
GOES-D, launched from 1978 t o  1980, cont inue  t o  provide t h e  NOAA wi th  e x c e l l e n t  d a t a  f o r  i nco rpo ra t ion  i n t o  t h e i r  
f o r e c a s t s .  Nimbus-7 and SAGE cont inue  t o  provide  important  r e sea rch  informat ion .  
a s  t h e  Earth Radiat ion Budget Exneriment, t h e  Halogen Occul ta t ion  Experiment and a number of Shut t le /Space lab  payloads,  

Several o t h e r  f l i g h t  programs, such  

RD 7-5 



are be ing  prepared f o r  launch i n  t h e  e a r l y  1980's. Information from these  experiments  should provide  a s i g n i f i c a n t  
c o n t r i b u t i o n  toward achiev ing  a b e t t e r  understanding of  atmospheric  processes  and a b a s i s  f o r  improved o p e r a t i o n a l  
c a p a b i l i t i e s .  Programs of  r e s e a r c h  and t r a n s f e r  of technology are w e l l  e s t a b l i s h e d  i n  t h e  a r e a  of  weather and storms.  

Research and a n a l y s i s  of d a t a  from t h e  f l i g h t  demonstrat ions of remote sens ing  of t h e  oceans have been a major t h r u s t  
i n  recent y e a r s  w i t h i n  t h e  app l i ed  r e sea rch  and d a t a  a n a l y s i s  program. 
mission and as a p a r t  of t h e  ongoing program i n  remote sens ing  of t h e  oceans,  NASA, DOD, and NOAA are j o i n t l y  developing 
t h e  Nat iona l  Oceanic S a t e l l i t e  System (NOSS). To ensu re  t h e  opt imal  use of t h i s  p o t e n t i a l  a NOSS re sea rch  program w i l l  
be i n i t i a t e d  t o  modify t h e  NOSS sensor  payload; d e f i n e  t h e  complementary i n  s i t u  obse rva t ions ;  and d e f i n e  an ocean d a t a  
u t i l i z a t i o n  system t o  a l low t h e  e f f e c t i v e  a p p l i c a t i o n  of s a t e l l i t e  d a t a  t o  ocean proceses.  

Based on exper ience  gained through t h e  Seasa t  

Appl ica t ions  Systems - This program suppor t s  space a p p l i c a t i o n s  requirements  f o r  use  of a i r b o r n e  f a c i l i t i e s  and 
provides  f l i g h t  suppor t  t o  major segments of t h e  space  a p p l i c a t i o n s  programs a s  w e l l  a s  t o  o t h e r  NASA programs. 

Technology Transfer  - The o b j e c t i v e s  of t h e  technology t r a n s f e r  program are t o  understand t h e  informat ion  needs of 
p o t e n t i a l  use r s  of remote sens ing  technology i n  t h e  pub l i c  and p r i v a t e  s e c t o r s  and t o  provide f o r  t h e  t r a n s f e r  of  
a p p l i c a b l e  technology t o  meet t h e s e  needs. 

Remote s ens ing  technology developed by NASA i s  a p p l i c a b l e  t o  a wide range of r e sou rce  management a c t i v i t i e s  by 
p o t e n t i a l  u s e r s  i n  a l l  s e c t o r s  of t h e  economy. To ensu re  t h a t  t h i s  technology i s  matched t o  t h e  requirements  of t h e s e  
u s e r s ,  t h e  informat ion  needs of t h e s e  p o t e n t i a l  u s e r s  must b e  a s se s sed  and updated p e r i o d i c a l l y .  Ihe technology 
t r a n s f e r  program addres se s  t h e s e  informat ion  needs through coope ra t ive  ac t iv i t i e s  wi th  u se r  r e s p r e s e n t a t i v e  
o rgan iza t ions  such a s  t h e  Nat iona l  Conference of  S t a t e  L e g i s l a t u r e s  (NCSL) and Nat iona l  Governors' Assoc ia t ion  (NGA). 
For remote scns ing  a p p l i c a t i o n s  wi th  matching informat ion  needs ,  v a l i d a t i o n  i s  requi red  t o  ensure  t h a t  t h e  technology i s  
s u f f i c i e n t l y  developed t o  t r a n s f e r  t o  an  o p e r a t i o n a l  u s e r  environment. This  v a l i d a t i o n  and t r a n s f e r  i s  accomplished i n  
t h e  r e g i o n a l  remote sens ing  program and i n  t h e  a p p l i c a t i o n s  system v e r i f i c a t i o n  program by j o i n t  p r o j e c t s  with u se r  
o rgan iza t ions .  Widespread d isseminat ion  of  documentation on a p p l i c a b l e  technology f o r  p o t e n t i a l  u s e r s  i n  a l l  s e c t o r s  of  
t h e  economy i s  e f f e c t e d  through u s e r  o rgan iza t ions  such as NGA and NCSL, and through NASA r e g i o n a l  remote sens ing  
c e n t e r s  a t  Goddard Space F l i g h t  Center ,  Ames Research Center  and t h e  Nat iona l  Space Technology Labora tor ies .  

Materials Processing i n  Space - The materials process ing  i n  space  (MPS) program emphasizes t h e  b a s i c  and a p p l i e d  
science and technology of  process ing  materials under cond i t i ons  t h a t  a l low d e t a i l e d  examinat ion of t h e  c o n s t r a i n t s  
imposed by g r a v i t a t i o n a l  fo rces .  The goa l  i s  t o  develop,  t e s t ,  and demonstrate  t h e  c a p a b i l i t i e s  of spaceborne 
f a c i l i t i e s  f o r  m a t e r i a l s  process ing  i n  t h e  space  environment, and t o  provide o p p o r t u n i t i e s  f o r  independently- funded 
u s e r s  t o  e x p l o i t  space  f l i g h t  f o r  process ing  a c t i v i t i e s  r e l a t e d  t o  t h e i r  own needs. I n  accordance wi th  g u i d e l i n e s  
formulated and published i n  1979, n e g o t i a t i o n s  on several j o i n t  endeavors  w i th  p r i v a t e  companies w i l l  be conducted i n  
1981-1982. These ac t iv i t i e s  are intended t o  encourage e a r l y  t r a n s f e r  of space  a c t i v i t y  i n  materials sc i ence  t o  p r i v a t e  
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sponsorship.  Ground-based r e sea rch  i n  FY 1982 w i l l  accommodate new areas of i n t e r e s t  i n  m a t e r i a l s  s c i e n c e  and i n  
phys i ca l  and chemical s c i e n c e s  as w e l l  a s  advanced technology development t o  meet needs i d e n t i f i e d  i n  t h e  r e sea rch  
program. 
1981, l e ad ing  t o  f l i g h t  i n  t h e  second h a l f  of N 1981. 

Development of t h e  program's f i r s t  space t r a n s p o r t a t i o n  system (STS) payload equipment w i l l  be completed i n  FY 

Communications and Informat ion  Systems - Telecommunications and informat ion  systems technology i s  a recognized 
i n d i c a t o r  of t h e  s t a te  of  development and economic h e a l t h  of  a country.  While t h i s  count ry  has  l e d  t h e  world i n  t h e s e  
technologies ,  w e  are now be ing  chal lenged by Japan and several European c o u n t r i e s .  NASA has  r e- es t ab l i shed  i t s e l f  as  a 
l e a d e r  and p a r t n e r  wi th  United S t a t e s  i n d u s t r y  t o  p l an  and execute  a h igh  technology program c h a r a c t e r i z e d  by focused 
technology development a t  t h e  component level  and s e l e c t e d  demonstrat ions of  t h e s e  technologies  a t  t h e  system level. 
NASA i s  a l s o  i d e n t i f y i n g  and providing those  technologies  needed by o t h e r  Federal  agencies  t o  c a r r y  ou t  t h e i r  
missions.  NASA h a s  i n i t i a t e d  a s t r o n g  program i n  d a t a  systems t o  provide t h e  focus ,  d i r e c t i o n ,  and technology t o  handle  
t h e  p r o l i f e r a t i o n  of r a w  d a t a  o r i g i n a t i n g  from sa te l l i t e  and terrestrial senso r s .  Success of t h e  NASA program w i l l  b e  
measured by t h e  preeminance of  United S t a t e s  i n d u s t r y  i n  t h e  world marketplace;  by new and enhanced services provided t o  
t h e  p u b l i c  a t  low c o s t ;  by new and u s e f u l  in format ion  made a v a i l a b l e  t o  t h e  p u b l i c  and bus ines s  through improved d a t a  
systems; by b e t t e r  government services t o  t h e  pub l i c  such as emergency communication; and new p roduc t s ,  s e r v i c e s  and 
bus ines s  o p p o r t u n i t i e s  f o r  markets  a t  home and abroad. 

CEAHGES PROM FY 1981 BUDGET ESTIMATE: 

The c u r r e n t  estimate f o r  t h e  FY 1981 program is $3.15 m i l l i o n  below t h e  budget estimate, t h e  n e t  r e s u l t  of s p e c i f i c  
ad jus tments  made t o  t h e  program by t h e  Congress, and t h e  o v e r a l l  Congressional  r educ t ion  t o  t h e  NASA approp r i a t i ons  
reques t .  

There have been no major r e d i r e c t i o n s  i n  t h e  N 1981 program. However, funding ad jus tments  have been made i n  t h r e e  
p r o j e c t s ,  r e l a t e d  t o  t h e  r e a l l o c a t i o n  of funding r equ i r ed  i n  N 1980 f o r  t h e  Landsat-D p r o j e c t .  The FY 1981 estimate 
f o r  Landsat-D h a s  been decreased by $5.8 m i l l i o n  i n  o rde r  t o  r e s t o r e  funds t o  t h e  Ear th  r a d i a t i o n  budget experiment 
($3.3 m i l l i o n )  and t h e  s ea rch  and r e scue  miss ion  ($2.5 m i l l i o n )  which w e r e  r e a l l o c a t e d  t o  Landsat-D i n  FY 1980. 

I n  i t s  a c t i o n  on t h e  N 1981 NASA budget r e q u e s t ,  t h e  Congress recommended increased  emphasis i n  t h r e e  a r e a s  of t h e  
a p p l i c a t i o n s  program: o p e r a t i o n a l  land  observ ing ,  technology t r a n s f e r ,  and m a t e r i a l s  processing.  Due t o  t h e  o v e r a l l  
n e t  dec rease  i n  t h e  app rop r i a t i on ,  and t h e  need t o  main ta in  program ba lance ,  i t  h a s  n o t  been p o s s i b l e  t o  f u l l y  implement 
t h e  proposals .  
m u l t i l i n e a r  a r r a y  ins t rument  and continued d e f i n i t i o n  s t u d i e s  i n  suppor t  of  t h e  t r a n s i t i o n  t o  an  o p e r a t i o n a l  l and  
observing system. I n  a d d i t i o n ,  increased  funding is  be ing  app l i ed  t o  t h e  technology t r a n s f e r  program. 

However, t h e  Agency's c u r r e n t  p l an  f o r  FY 1981 does i nc lude  advanced technology development on t h e  
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F i n a l l y ,  minor changes have been made t o  t h e  space  a p p l i c a t i o n s  budget s t r u c t u r e .  The t i t l e  of space  communications 
h a s  been changed t o  communications and informat ion systems so as t o  b e  more d e s c r i p t i v e  of i t s  t o t a l  con ten t .  Within 
communications and informat ion systems, t h e  d a t a  management and ADS d e f i n i t i o n  s t u d i e s  p r o j e c t s  have been combined i n t o  
a s i n g l e  p r o j e c t  t i t l e d  d a t a  systems program, and follow-on d a t a  a n a l y s i s  and o p e r a t i o n s  has  been changed t o  experiment 
coord ina t ion  and o p e r a t i o n s  suppor t .  
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BMIS OF FY 1982 FUNDIBG BEQUIBEWEBTS: 

RESOURCE OBSERVATIONS 

~ n d s a t - D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Magnetic f i e l d  s a t e l l i t e  ............................... 
Bctended miss ion operations............................ 
Shu t t l e /Space lab  payload development.. ................. 
Applied r e s e a r c h  and d a t a  analysis..................... 
Geodynamics............................................ 
Geological  a p p l i c a t i o n s  program........................ 

~RISTIIRS.............................................. 

Total................................................ 

1980 
Actual 

104,413 
1,600 
1,904 
2,031 

16,000 
12,405 
12,600 --- 

150,953 

1981 
Budget Current 

E s t  i m a  te  E s t i m a t e  
(Thousands of D o l l a r s )  

94,300 
500 

2,700 
2,000 

33,200 
12,800 
24,800 --- 

88,500 
500 

2,700 
2,000 

31,450 
12,800 
23,400 --- 

170.300 161,350 

1982 
Budget 

E s t i m a t e  

83,900 

2,800 
2,300 

33,100 
23,200 
31,900 
10 .ooo 

187,200 

- - -  

Page 
NO 

RD 7-14 
---  

RD 7-16 
RD 7-18 
RD 7-20 
RD 7-22 
RD 7-26 
RD 7-29 

OBJECTIVES AUD STATUS: 

The g o a l s  of  t h e  resource  observa t ion  program are t o  assist i n  s o l v i n g  Ear th  resources  problems of n a t i o n a l  and g l o b a l  
concern through t h e  development and a p p l i c a t i o n  of  space  technology and techn iques ,  and t o  conduct r e s e a r c h  and 
o b s e r v a t i o n s  t o  improve our  unders tanding of t h e  dynamic c h a r a c t e r i s t i c s  of t h e  Ear th .  The u l t i m a t e  aim of t h e  resource  
observa t ion  program i s  t h e  development and t r a n s f e r  of remote sens ing  techniques  t o  t h e  users- - federal  agenc ies ;  S t a t e ,  
r e g i o n a l  and l o c a l  government; p r i v a t e  i n d u s t r y ;  and t h e  s c i e n t i f i c  community--where t h e s e  t ech in iques  enhance o r  
supp lan t  e x i s t i n g  c a p a b i l i t i e s  o r  provide a new c a p a b i l i t y  i n  an e f f e c t i v e  manner. 
and applying space observa t ion  techniques  t o  meet n a t i o n a l  and g l o b a l  needs f o r  improved management of food, f i b e r ,  
water, and l and  r e s o u r c e s ;  improving our  a b i l i t y  t o  s y s t e m a t i c a l l y  e v a l u a t e  t h e  composit ion and geometry of t h e  Earth 's  
c r u s t  i n  o r d e r  t o  i n c r e a s e  t h e  e f f e c t i v e n e s s  of g l o b a l  assessment ,  e x p l o r a t i o n ,  and development o f  lniceral  and energy 

This i s  accomplished by developing 
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r e sou rces ;  i n c r e a s i n g  our  understanding of t h e  s o l i d  Ea r th ,  i t s  i n t e r i o r  s t r u c t u r e  and composition, i t s  r o t a t i o n a l  
dynamics, t h e  processes  r e l a t e d  t o  t h e  movement and deformation of i t s  c r u s t ,  and t h e  mechanisms a s soc i a t ed  wi th  t h e  
occurence o f  ear thquakes ;  and, developing and t r a n s f e r r i n g  t h e  technology t o  t h e  r e spons ib l e  u se r  o rgan iza t ions ,  l e ad ing  
t o  an evo lu t iona ry  development of a g l o b a l  space- sensing c a p a b i l i t y  f o r  t h e  r o u t i n e  d isseminat ion  and use  of t imely  and 
comprehensive land  r e sou rce  information.  

P r i n c i p a l  elements  of  t h e  program inc lude  t h e  development of space  and suppor t ing  ground systems and improved d a t a  
process ing  and a n a l y s i s  techniques ;  S h u t t l e  and a i r c r a f t  suppor t  f o r  sensor  and technique development; and b a s i c  and 
a p p l i e d  r e s e a r c h  f o r  i d e n t i f y i n g ,  monitoring,  ana lyz ing ,  and modeling t h e  vege t a t ed  and g e o l o g i c a l  f e a t u r e s  of t h e  
Earth. 

Landsat-2 h a s  resumed ope ra t ions  fo l lowing  a six-month h i a t u s  from January t o  June 1980 due t o  a locked yaw-axis 
r e a c t i o n  wheel t h a t  made f i n e  po in t ing  f o r  d a t a  a c q u i s i t i o n  impossible. Following a series of  tests, t h e  f rozen  
r e a c t i o n  wheel w a s  f r e e d  and t h e  s p a c e c r a f t  i s  now s t a b l e  and acqu i r ing  h igh  q u a l i t y  M u l t i s p e c t r a l  Scanner (MSS) d a t a .  
Both wideband t a p e  r e c o r d e r s  on Landsat-2 and one of  t h e  two t a p e  r eco rde r s  on Landsat-3 have f a i l e d ;  a contingency p l an  
h a s  been developed t o  pu t  r e c o r d e r s  i n  s e l e c t e d  ground r ece iv ing  s t a t i o n s  i n  o rde r  t o  a s s u r e  c o l l e c t i o n  of M u l t i s p e c t r a l  
Scanner imagery of f o r e i g n  a r e a s  r equ i r ed  f o r  key United S t a t e s  a g r i c u l t u r a l  and o t h e r  r e sea rch  programs. All t h e  
backup u n i t s  w i l l  b e  i n  p l a c e  by mid-1981. In  a d d i t i o n ,  a t r a n s p o r t a b l e  ground s t a t i o n  i s  be ing  developed f o r  
deployment i n  l a t e  1982. 

The onboard d a t a  handl ing  u n i t  f o r  t h e  Landsat-3 M u l t i s p e c t r a l  Scanner f a i l e d  i n  December 1980 and use fu l  d a t a  a r e  no 
longer  be ing  acqui red .  
chromatic  imagery. 
coverage c a p a b i l i l t y  . 

The Return Beam Vidicom (RBV) system i s  ope ra t ing  nominally and provid ing  high q u a l i t y  pan- 
Both wideband t ape  r e c o r d e r s  on Landsat-3 a r e  o p e r a t i o n a l  w i th  RBV d a t a  provid ing  a worldwide 

Landsat-D development i s  proceeding, w i th  t h e  launch  of  Landsat-D planned f o r  t h e  t h i r d  q u a r t e r  of 1982. Landsat-D 
w i l l  i n c o r p o r a t e  bo th  t h e  Thematic Mapper (TM) and M u l t i s p e c t r a l  Scanner; however, t h e  launch w i l l  no t  b e  delayed f o r  a 
la te  d e l i v e r y  of  t h e  TM. Landsat-D', t h e  backup s p a c e c r a f t ,  w i l l  be  a v a i l a b l e  f o r  launch 12-15 months later .  I n  
a d d i t i o n  t o  cont inuing  t h e  a v a i l a b i l i t y  of MSS d a t a ,  Landsat-D w i l l  provide imagery wi th  t h e  improved s p e c t r a l  and 
s p a t i a l  r e s o l u t i o n  of  t h e  TM needed t o  expand t h e  use  of space  d a t a  f o r  a g r i c u l t u r a l ,  water  r e sou rces ,  l and  use ,  and 
o t h e r  a p p l i c a t i o n s .  

The Thematic Mapper engineer ing  model i s  i n  t h e  i n t e g r a t i o n  and test c y c l e  and i s  scheduled t o  b e  de l ive red  by t h e  
c o n t r a c t o r ,  Hughes A i r c r a f t  Company, i n  March 1981. The p r o t o f l i g h t  model M u l t i s p e c t r a l  Scanner has  been i n t e g r a t e d  and 
is  now undergoing a series o f  environmental  tests b e f o r e  i t s  d e l i v e r y  i n  January 1981. The major 
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accomplishments by t h e  miss ion c o n t r a c t o r ,  General E l e c t r i c ,  du r ing  FY 1980 included completion of t h e  f l i g h t  segment 
des ign ,  completion of antenna model t e s t i n g ,  and f a b r i c a t i o n  and s t r u c t u r a l  and dynamic t e s t i n g  of t h e  mechanical t e s t  
model. The ground segment des ign  h a s  been a l t e r e d  t o  incorpora te  s e p a r a t e  process ing systems f o r  t h e  TM and MSS t o  
reduce development r i s k .  Most of t h e  equipment f o r  t h e  Landsat-D ground system has  been d e l i v e r e d  and t h e  i n t e g r a t i o n  
of t h e  s y s t e m s  and so f tware  development i s  underway. 

In ??Y 1980, advanced systems s t u d i e s  focused on a new genera t ion  of  l and  remote sens ing  ins t ruments  u t i l i z i n g  t h e  
s o l i d  s t a t e  M u l t i l i n e a r  Array (MLA) technology planned f o r  even tua l  use  i n  t h e  NOAA-operated Operat ional  Land Observing 
System (OLOS) i n  t h e  l a t e  1980's and i n t o  t h e  1990's. A c t i v i t y  i n  FY 1981 w i l l  focus  on developing s e v e r a l  sensor  
des ign approaches inc lud ing  f o c a l  p lane  technology development f o r  t h e  shortwave i n f r a r e d  reg ion ,  and development of  
d a t a  p rocess ing  techniques  and s y s t e m .  The advanced technology development i n  FY 1982 w i l l  f ocus  on continued 
development of f o c a l  p lane  a r r a y  technology f o r  t h e  shortwave i n f r a r e d  reg ion ,  and w i l l  suppor t  t h e  d e f i n i t i o n  of a 
s o l i d  s t a t e  ins t rument  f o r  t h e  mid-1980's. 
performed i n  FII 8 2  and FY 83. 

The t e c h n i c a l  d e f i n i t i o n  s t u d i e s  of  t h e  f u l l y  o p e r a t i o n a l  OLOS w i l l  be 

Improvements i n  t h e  e f f e c t i v n e s s  of e x p l o r a t i o n  f o r  new minera l  and energy d e p o s i t s  r e q u i r e  t h e  development of a 
g l o b a l  c a p a b i l i t y  f o r  e f f i c i e n t l y  determining t h e  composit ion and s t r u c t u r e  of t h e  Earth 's  c r u s t a l  materials. 
sensed d a t a  i n  t h e  v i s i b l e ,  i n f r a r e d ,  and microwave p o r t i o n s  of  t h e  spectrum are u s e f u l  f o r  t h e s e  purposes,  bu t  
c u r r e n t l y  performing systems are somewhat l i m i t e d  i n  t h e i r  c o n t r i b u t i o n s .  New ins t ruments ,  such as t h e  S h u t t l e  
M u l t i s p e c t r a l  I n f r a r e d  Radiometer (SMIRR),  t h e  S h u t t l e  Imaging Radar (SIR- A) ,  and t h e  Large Format Camera (LFC) are 
being developed t o  o b t a i n ,  on an exper imenta l  b a s i s ,  a d d i t i o n a l  narrow-band i n f r a r e d ,  microwave, and high r e s o l u t i o n  
panchromatic s t e r e o  imagery which w i l l  be  a s sessed  f o r  it 's a p p l i c a b i l i t y  i n  a i d i n g  i n  r e source  assessment and 
exp lo ra t ion .  Development of t h c  SIR-A, and SMIRR, and t h e  ocean c o l o r  experiment,  which i s  designed t o  determine a r e a s  
o f  phytoplankton concen t ra t ion ,  has  been completed, and t h e  ins t ruments  have been i n t e g r a t e d  wi th  t h e  S h u t t l e  p a l l e t  f o r  
f l i g h t  i n  l a t e  1981. These ins t ruments  w i l l  p rovide  new and unique d a t a  f o r  s tudying t e r r a i n  f e a t u r e s  and 
d i s c r i n i n a t i n g  among rock types .  Development of t h e  l a r g e  format camera i s  proceeding on schedule.  It w i l l  be flown on 
R Sh*i t t l e  f l i g h t  i n  I 9 8 4  and i s  expected t o  o b t a i n  important  imagery f o r  improvin:: c u r r e n t  mapping techniques .  

Remotely- 

?he i leat  Capacity Mapping Mission w a s  s u c c e s s f u l l y  completed in 1980 a f t e r  two and one-half y e a r s ,  and t h e  d a t a  a re  
n o w  being analyzed t o  determine t h e i r  u t i l i t y  i n  d i s c r i m i n a t i n g  t h e  composit ion of c r u s t a l  materials, i n  meteorological  

i: ii c j  ons , and i n  a g r  i c u l  t u r a l  planning.  

Magsat ,  lsunched on October 30, 1979, completed i t s  planned miss ion i n  mid-June 1980. All t h e  measurement g o a l s  w e r e  
exceeded and t h e  d a t a  q u a l i t y  was b e t t e r  by a f a c t o r  of t h r e e  than t h e  o r i g i n a l  goal .  An i n i t i a l  d e f i n i t i v e  magnetic 
f i e i d  r n o d ~ l  has been provided t o  t h e  prime u s e r ,  t h e  United S t a t e s  Geological  Survey, f o r  use  i n  developing maps and 
Lhrirts which a r e  publ ished and i s sued  t o  t h e  p u b l i c  f o r  nav iga t ion  and exp lo ra t ion .  Considerable d a t a  c o l l e c t i o n  a t  
a l t i tude: ;  w e l l  below 200 km w i l l  make i t  p o s s i b l e  t o  i d e n t i f y  new magnetic anomalies and b e t t e r  r e s o l v e  p rev ious ly  known 
ones. S c i e n t i f i c  s t u d i e s  using t h e s e  d a t a  are underway. 

RD 7-11 



A major a s p e c t  of  t h e  r e sou rce  obse rva t ion  program i s  t h e  r e sea rch  a s s o c i a t e d  wi th  understanding the  phys i ca l  
r e l a t i o n s h i p  of v a r i o u s  types  of v e g e t a t i o n  and o t h e r  s u r f a c e  f e a t u r e s  wi th  t h e  r a d i a t i o n  which they  e m i t  o r  r e f l e c t ;  
wi th  t h e  development of models a p p r o p r i a t e  t o  t h e  management of resources ;  and, w i th  t h e  eva lua t ion  of t h e  use of space- 
der ived  d a t a  along wi th  o t h e r  d a t a  sou rces  i n  meeting user  needs. The scope of  t h e s e  a c t i v i t i e s  ranges from i n d i v i d u a l  
s c i e n t i f i c  s t u d i e s  t o  p r o j e c t s  such a s  t h e  a g r i c u l t u r e  and resources  i nven to ry  surveys  through aerospace  remote sens ing  
(AgRISTARS) 

AgRISTARS w a s  i n i t i a t e d  i n  FY 1980, w i th  t h e  Department of Agr i cu l tu re ,  NOAA, and NASA a s  p r i n c i p a l  p a r t i c i p a n t s  t o  
address  p r i o r i t y  informat ion  needs i d e n t i f i e d  by t h e  Department of Agr icu l ture .  
in format ion  requirements  cover  a s e l e c t  group of  c rops  and producing c o u n t r i e s  of s i g n i f i c a n c e  t o  world t r a d e  and world 
n u t r i t i o n .  I n  1980, an improved technique was developed f o r  e s t ima t ing  t h e  a r e a  p lan ted  i n  s p e c i f i c  c rop  types  over  
l a r g e  geographic a r ea s .  The improved methods were s u c c e s s f u l l y  t e s t e d  i n  exp lo ra to ry  experiments  involv ing  wheat and 
b a r l e y  c rops  i n  t h e  United States Great P l a i n s ,  and corn and soybean acreage  i n  t h e  Corn B e l t .  These r e s u l t s  w i l l  l e a d  
t o  p i l o t  experiments  f o r  p r e d i c t i n g  c rop  product ion  i n  f o r e i g n  c o u n t r i e s .  

The Department of Agr i cu l tu re  

When t h e  r e s u l t s  of t h e  r e sea rch  i n d i c a t e  a p o t e n t i a l  a p p l i c a t i o n ,  a p p l i c a t i o n  p i l o t  tests (APT's) a r e  used t o  tes t  
and expand t h e  r e s e a r c h  concepts  i n  t h e  realism of t h e  users '  environment. Three APT's w e r e  s u c c e s s f u l l y  completed t h i s  
year .  One t e s t  r e s u l t e d  i n  t h e  development of an  o p e r a t i o n a l  f o r e s t  resource  informat ion  system by t h e  S t .  Regis Paper  
Company, based on Landsat MSS d a t a ,  which w i l l  soon b e  implemented by t h a t  company. 
Navajo Indian  Nation produced an automated informat ion  system which u t i l i z e s  remotely-sensed d a t a  f o r  t h e  management of  
n a t u r a l  r e sou rces  on t h e  Navajo Reserva t ion .  On t h e  b a s i s  of  another  APT, t h e  Bureau of Land Management (BLM) 
e s t a b l i s h e d  a remote sens ing  branch and implemented a d a t a  a n a l y s i s  system f o r  monitoring t h e  wildland a r e a s  under BLM 
management. Each of t h e s e  tests demonstrate  t h e  progress ion  from remote s ens ing  r e sea rch  and development t o  o p e r a t i o n a l  
u t i l i z a t i o n  of t h e  technology by a coopera t ing  r e sou rce  manager. an urban a r e a  
informat ion  system wi th  t h e  Bureau of  t h e  Census; and an automated crop a r e a  informat ion  system wi th  Cotton, Inc.  Four 
a p p l i c a t i o n  p i l o t  tests w i l l  cont inue  wi th  t h e  C a l i f o r n i a  Department of Water Resources, t h e  Pennsylvania Department of  
Environmental Resources, t h e  Missouri  Farm Associa t ion ,  and t h e  United S t a t e s  Geological  Survey. 

Cooperation between NASA and t h e  

I n  FY 1981 two APT's w i l l  b e  completed: 

S tud ie s  of t h e  movement and deformation of t h e  Earth 's  c r u s t ,  t h e  r o t a t i o n a l  dynamics of t h e  Ear th ,  and t h e  Earth 's  
g r a v i t y  and magnetic f i e l d s  provide  informat ion  needed t o  understand t h e  processes  l ead ing  t o  t h e  r e l e a s e  of  c r u s t a l  
s t r a i n  i n  t h e  form of ear thquakes ,  t o  improve our  understanding of t h e  format ion  of minera l  d e p o s i t s ,  t o  c o n t r i b u t e  a 
long- term weather and climate f o r e c a s t i n g ,  and t o  b e t t e r  understand t h e  Ear th  a s  a p l ane t .  Space techniques  ( l a s e r  
ranging t o  sa te l l i t e s  and t h e  Moon, v e r y  long b a s e l i n e  inteferometry--VLBI--using r a d i o  s t a r s  o r  s a t e l l i t e s ,  and 
s a t e l l i t e  mapping) are t h e  only  methods which can provide t h e  p r e c i s e  measurements needed f o r  t he se  s t u d i e s .  In  FY 1980 
and 1981, measurements of  t h e  r e l a t i v e  motion of s e v e r a l  of t h e  t e c t o n i c  p l a t e s  which form t h e  Earth's c r u s t ,  and of 
r e g i o n a l  c r u s t a l  deformation i n  C a l i f o r n i a  were i n i t i a t e d .  Var ia t ions  i n  t h e  Earth 's  po l a r  motion were monitored and 
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c o r r e l a t e d  wi th  changes i n  t h e  angular  momentum of t h e  Ear th ' s  atmosphere r e s u l t i n g  from s h i f t  i n  atmospheric winds. 
Laser and VLBI measurements of Earth r o t a t i o n a l  dynamics were intercompared wi th  s a t e l l i t e  Doppler and convent ional  
t echn iques  i n  an  in te rna t iona .1  campaign under t h e  a u s p i c e s  of t h e  I n t e r n a t i o n a l  Astronomical Union (IAU) . Requirements 
f o r  g l o b a l  f i e l d  surveys  were determined and conceptual  s t u d i e s  of an  Earth g r a v i t y  f i e l d  survey miss ion were 
completed. The NASA geodynamics program i s  conducted j o i n t l y  wi th  t h e  Nat ional  Oceanic and Atmospheric Adminis t ra t ion,  
t h e  United States Geological  Survey, t h e  Nat ional  Geodetic Survey and t h e  Defense Mapping Agency through an in te ragency  
agreement f o r  t h e  a p p l i c a t i o n  of  space  technology t o  c r u s t a l  dynamics and ear thquake resea rch .  In  FY 1982, t h e  r e g i o n a l  
c r u s t a l  deformat ion s t u d i e s  w i l l  b e  extended t o  most of t h e  western p o r t i o n  of  t h e  United States; t h e  t e c t o n i c  p l a t e  
motion and p l a t e  s t a b i l i t y  s t u d i e s  w i l l  be  continued.  

The major new Fy 1982 t h r u s t  of t h e  r e source  obse rva t ions  program i s  t h e  Geological  Appl i ca t ions  Program (GAP). This 
program's g o a l  i s  t o  improve t h e  e f f e c t i v e n e s s  of g l o b a l  assessment,  e x p l o r a t i o n ,  and development of minera l  and energy 
resources  through t h e  use  of  space  techniques .  The s p e c i f i c  o b j e c t i v e s  are t o  develop remote sens ing  methods f o r  
s y s t e m a t i c  geo log ic  mapping on a g l o b a l  b a s i s ,  and t o  develop improved g e o l o g i c a l  models which employ space- acquired 
d a t a  f o r  r e source  e v a l u a t i o n  and development. 

RD 7-13 



EARTH RESOURCES TECHNOLOGY SATELLITE (LANDSAT-D) 

1981 1982 
1980 Budget Current Budget 
Actual E s t i m a t e  E s t  i m a  t e  E s t i m a t e  

(Thousands of Do l l a r s )  

Spacecraf t  systems and sensors......................... 83,413 60 , 000 71,400 44,400 
17,000 27,600 Ground system.......................................... 20,900 34,300 

--- 8,500 Ground operations.. . . . . . .  .............................. --- --- 
Investigations......................................... 100 100 3,400 

Total................................................ 104,413 94,300 88,500 83,900 

---  

Del ta  (expendable launch v e h i c l e s  program)............. (10,000) (6,000) (9,600) (3,300) 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  of t h e  Landsat-D p r o j e c t  are t o  develop,  launch ,  and ope ra t e  an advanced land  observing system and t o  
assess and demonstrate  t h e  u t i l i t y  of s a t e l l i t e- b a s e d  Earth r e sou rces  remote sens ing  systems wi th  t h e  new experimental  
Thematic Mapper (TM) and t h e  f l igh t- proven  M u l t i s p e c t r a l  Scanner (MSS). The Landsat-D launch  i s  now planned f o r  t h e  
t h i r d  q u a r t e r  o f  1982 a s  a r e s u l t  of a program r e b a s e l i n e  t o  overcome t e c h n i c a l  and management problems. The backup 
s p a c e c r a f t ,  Landsat-D prime, w i l l  be  a v a i l a b l e  f o r  launch 12-15 months a f t e r  t h e  i n i t i a l  launch.  The major t e c h n i c a l  
focus  of t h e  Landsat-D p r o j e c t  involves  a test of bo th  t h e  TM instrument 's  c a p a b i l i t i e s  and an improved ground d a t a  
handl ing  system. 'Ihe TM, on which development w a s  i n i t i a t e d  i n  FY 1977, w i l l  o f f e r  h igher  r e so lv ing  power and g r e a t e r  
s p e c t r a l  coverage than  e x i s t i n g  ins t ruments .  
Landsat d a t a  and t o  enhance many c u r r e n t  uses .  

These advantages promise t o  open up a s i g n i f i c a n t  number of new uses  of  

The MSS c o n t r a c t  w a s  awarded i n  March 1978, and t h e  des ign  changes necessary  f o r  t h e  Landsat-D miss ion  have been 
v e r i f i e d  by ground tests. 
c o n t r a c t o r  i n  e a r l y  and mid-1981, r e s p e c t i v e l y .  

A c t i v i t i e s  on t h e  p r o t o f l i g h t  and f l i g h t  model a r e  on schedule f o r  d e l i v e r y  t o  t h e  miss ion  
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The p re sen t  TM schedule  p o i n t s  t o  an October 1981 d e l i v e r y  of  t h e  p r o t o f l i g h t  u n i t  t o  t h e  mission c o n t r a c t o r  f o r  
s p a c e c r a f t  i n t e g r a t i o n ,  which i s  c o n s i s t e n t  wi th  a t h i r d  q u a r t e r  1982 launch of Landsat-D. Under t h e  r ebase l ined  
program however, launch of  Landsat-D w i l l  n o t  b e  delayed for  l a te  d e l i v e r y  of t h e  TM. 
TM development such t h a t  t h e  Landsat-D launch schedule  cannot b e  m e t ,  t h e  TM w i l l  no t  be flown u n t i l  t h e  launch of 
Landsat-D pr ime.  

I f  schedule  de l ays  occur i n  t h e  

Work i s  cont inuing  on schedule  f o r  t h e  Mult imission Modular Spacecraf t  (MMS). The i n t e g r a t e d  s p a c e c r a f t  bus i s  
scheduled t o  b e  de l ive red  t o  t h e  Landsat-D miss ion  c o n t r a c t o r  i n  March 1981. The mission-unique f l i g h t  segment des ign  
i s  completed, and t h e  mechanical test model of t h e  s p a c e c r a f t  has  undergone s u c c e s s f u l  deployment tes ts  of  t h e  s o l a r  
a r r a y  and communication system antenna;  v i b r a t i o n  tests of t h e  s t r u c t u r e  have a l s o  been completed. The communication 
system development t e s t i n g  has  been completed and t h e  communication system f l i g h t  hardware is  be ing  assembled. 

The ground segment des ign  approach has  been a l t e r e d  t o  reduce development r i s k .  Various hardware elements such a s  t h e  
h igh  d e n s i t y  t a p e  r e c o r d e r s  and d a t a  process ing  c o n t r o l  computers have been d e l i v e r e d  dur ing  FY 1981. 
and sof tware  development f o r  t h e  reconf igured  ground system i s  on schedule t o  suppor t  t h e  new read ines s  d a t e s .  

Overa l l  hardwirc 

CEANGES FROM FY 1981 BUDGET ESTIHATE: 

The n e t  r educ t ion  o f  $5.8 m i l l i o n  i n  t h e  Landsat-D p r o j e c t  i n  FY 1981 i s  t h e  r e s u l t  of a rephas ing  of funding between 
M 1980 and FY 1981 t o  suppor t  h igher  funding requirements  i n  N 1980 than  planned f o r  t h e  ins t ruments  and t h e  
s p a c e c r a f t  dur ing  c r i t i c a l  pe r iods  of  t h e i r  development. Technical  problems caused a de l ay  of approximately one year  i n  
t h e  planned launch  of t h e  miss ion ,  which i n  t u r n  r e s u l t e d  i n  t h e  funding ad jus tments  among t h e  p r o j e c t  e lements  i n  FY 
1981. The c u r r e n t  t o t a l  c o s t  estimate f o r  t h e  Landsat-D p r o j e c t  i s  $500-550 mi l l i on .  

BASIS OF FY 1982 ESTIMATE: 

FY 1982 funds  w i l l  p e r m i t  t h e  completion of i n t e g r a t i o n  of t h e  MMS, MSS, TM, and t h e  mission-unique subsystems i n  
suppor t  of  t h e  t h i r d  q u a r t e r  1982 Landsat-D launch  d a t e .  FY 1982 funds w i l l  a l s o  permit  i n t e g r a t i o n  of t h e  TM t o  b e  
flown on Landsat-D prime. The Landsat-D ground system, i nc lud ing  t h e  ope ra t ions  c o n t r o l  c e n t e r  and MSS d a t a  process ing  
system, w i l l  move i n t o  t h e  i n t e g r a t i o n  test phase t o  i n s u r e  i t s  r ead ines s  t o  suppor t  t h e  launch of Landsat-D. 
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EXTENDED MISS I O N  OPERATIONS 

1981 1982 
1980 Budget Current  Budget 
Actual  E s t i m a t e  E s t i m a t e  E s t i m a t e  

(Thousands of D o l l a r s )  

--- Heat c a p a c i t y  mapping mission.......................... 600 300 300 
Landsat-2 and - 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,304 2,400 2,215 2,575 

--- 185 225 Magnetic f i e l d  satellite............................... --- 
Total................................................ 1,904 2,700 2,700 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of extended miss ion o p e r a t i o n s  i s  t o  c a p i t a l i z e  on t h e  cont inued performance of  t h e  Landsat and o t h e r  
Ear th  r e s o u r c e  obse rva t ion  sa te l l i tes  beyond t h e  i n i t i a l l y  planned miss ion dura t ion .  Data products  from t h e s e  miss ions  
are be ing  used t o  suppor t  r e s e a r c h  and o p e r a t i o n a l  a c t i v i t i e s  i n  a g r i c u l t u r e ,  w a t e r  r e sources ,  geology and land use. In  
t h e  case of Landsat ,  some o p e r a t i o n a l  requirements  of Federa l  and Sta te  agenc ies ,  p l u s  many p r i v a t e  i n t e r e s t s  are now 
being s a t i s f i e d .  It i s  e s s e n t i a l  t h a t  Landsat  o p e r a t i o n s  con t inue  up t o  t h e  launch of Landsat-D t o  a s s u r e  c o n t i n u i t y  of  
d a t a  f o r  t h e s e  use r  a c t i v i t i e s .  

Landsat-2 i s  c u r r e n t l y  opera t ing  and providing d a t a ,  a l though a t  reduced o p e r a t i o n a l  levels.  The f rozen  momentum 
wheel, which r e s u l t e d  i n  t h e  l o s s  of Landsat-2’s s t a b l e  a t t i t u d e  c o n t r o l  i n  November of 1979, responded t o  cont inued 
a t t e m p t s  t o  f r e e  i t  i n  May 1980, and t h e  s p a c e c r a f t  w a s  r e tu rned  t o  o p e r a t i o n a l  s t a t u s  on June 6 ,  1980. The s p a c e c r a f t  
i s  now s t a b l e  i n  a l l  t h r e e  axes  and i s  r e t u r n i n g  high q u a l i t y  d a t a  t o  domestic and f o r e i g n  r e c e i v i n g  s t a t i o n s  when 
w i t h i n  t h e i r  ranges.  
mode t o  real-time opera t ions .  A backup p lan  i s  being implemented t o  i n s t a l l  ground record ing  equipment i n  s e l e c t e d  
f o r e i g n  s t a t i o n s  t o  a s s u r e  M u l t i s p e c t r a l  Scanner coverage f o r  key a g r i c u l t u r a l  programs. 

Both Landsat-2 onboard v ideo  t ape  r e c o r d e r s  are i n o p e r a t i v e ,  however, l i m i t i n g  i t s  d a t a  r e t u r n  

The onboard d a t a  handl ing u n i t  f o r  t h e  Landsat-3 M u l t i s p e c t r a l  Scanner (MSS) f a i l e d  i n  mid-December, 1980. No u s e f u l  
d a t a  are be ing  acquired by t h e  MSS. 
q u a l i t y  panchromatic imagery. Both onboard t a p e  r e c o r d e r s  are o p e r a t i o n a l  wi th  RBV d a t a ,  providing a worldwide coverage 
c a p a b i l i t y  . 

The r e t u r n  beam v i d i c o n  con t inues  t o  o p e r a t e  nominally and i s  providing high 

There are now t e n  ground rece iv ing  s t a t i o n s  o p e r a t i n g  i n  n i n e  f o r e i g n  c o u n t r i e s ,  i n  a d d i t i o n  t o  t h r e e  i n  t h e  United 
States. 
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CEAWES FBM FY 1981 BUDGET ESTIMATE: 

The c u r r e n t  FY 1981 e s t i m a t e  r e f l e c t s  a minor adjustment  i n  funding requirements  between miss ions  t o  a l low f o r  
cont inuing  a n a l y s i s  of Magsat d a t a ,  r e s u l t i n g  from t h e  longer- than-planned miss ion  l i f e  of t h e  sa te l l i t e .  

BASIS OF FY 1982 ESTIMATE: 

The reques ted  FY 1982 funding level w i l l  suppor t  t h e  con t inua t ion  of remotely- sensed m u l t i s p e c t r a l  and high r e s o l u t i o n  
panchromatic imagery of t h e  Earth's s u r f a c e  from Landsat-2 and -3 f o r  bo th  r e s e a r c h  and development and o p e r a t i o n a l  
u s e r s ;  and f o r  t h e  completion of  t h e  d a t a  process ing  from t h e  Magsat mission.  These d a t a  w i l l  be  appl ied  t o  
a g r i c u l t u r a l ,  f o r e s t r y ,  water and l and  management, and geo log ica l  s t u d i e s .  
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SHUTTLE/SPACELAB PAYLOAD DEVELOPMENT 

1981 1982 
1980 Budget Current  Budget 
Actual E s t i m a t e  E s t i m a t e  E s t i m a t e  

(Thousands of D o l l a r s )  

O r b i t a l  f l i g h t  test payload development................ 854 800 1 , 800 1,900 
Large format  camera.................................... 1 , 1 7 7  1,200 200 400 

Total................................................ 2,031 2,000 2,000 2,300 

OBJECTIVES lLHD STATUS: 

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  develop,  tes t ,  demonstrate ,  and e v a l u a t e  Earth-viewing remote sens ing  ins t ruments  
and systems t o  o b t a i n  d a t a  f o r  r e sou rce  obse rva t ions  r e sea rch .  
w i th  t h e  OSTA-1 p a l l e t  a t  t h e  Kennedy Space Center and a r e  awai t ing  f l i g h t  on t h e  second S h u t t l e  mission,  STS-2, i n  t h e  
summer of 1981. 
i n  s t o r a g e  a t  t h e  Johnson Space Center pending f l i g h t  on OSTA-3 i n  t h e  1984 t i m e  frame. 

Three ins t ruments  have been completed and i n t e g r a t e d  

Development of t h e  l a r g e  format camera i s  complete. It h a s  been accepted from t h e  manufacturer ,  and i s  

The S h u t t l e  test f l i g h t  ins t ruments  are: t h e  S h u t t l e  Imaging Radar (SIR-A), f o r  eva lua t ion  of t h e  a p p l i c a b i l i t y  of 
spaceborne imagery r a d a r  f o r  geologic  exp lo ra t i on ;  a S h u t t l e  M u l i t s p e c t r a l  I n f r a r e d  Radiometer (SMIRR) t o  conduct 
r e sea rch  f o r  optimum spectral bands f o r  geo log ic  mapping; and, an  ocean c o l o r  experiment scanner  t o  assess t h e  
a p p l i c a b i l i t y  of  improved pas s ive ,  c o l o r  sens ing  techniques  f o r  mapping b i o l o g i c a l l y- r i c h  (phytoplankton) area i n  t h e  
ocean. 
s p e c i f i c a l l y  f o r  landform a n a l y s i s .  
t o  t h e  mapping of l a r g e  geographic a r e a s  f o r  ca r tog raph ic  purposes and f o r  minera l  and energy r e sou rces  exp lo ra t i on .  
The Large Format Camera Interagency Working Group meets p e r i o d i c a l l y  t o  review camera des ign ,  e v a l u a t e  pre-mission 
camera performance d a t a ,  and determine i n i t i a l  miss ion  coverage requi rements ;  i t  w i l l  a l s o  prepare  a p o s t- f l i g h t  d a t a  
u se fu lnes s  and system performance r e p o r t .  

The SIR-A i s  an adap ta t i on  of t h e  Seasat  s y n t h e t i c  a p e r t u r e  r a d a r  and w i l l  be  t h e  f i r s t  use  of spaceborne r a d a r  
'Ihe Large Format Camera i s  a h igh  r e s o l u t i o n  mapping camera wi th  d i r e c t  a p p l i c a t i o n  

Included i n  t h e  o v e r a l l  p r o j e c t  p l an  i s  t h e  des ign  and f a b r i c a t i o n  of a Syn the t i c  Aperture Radar (SAR) wi th  f o l d  and 
t i l t  antenna c a p a b i l i t y  f o r  r e f l i g h t  of SIR-A i n  t h e  1984 t i m e  frame. This f o l d  and t i l t  c a p a b i l i t y  is fundamental t o  
reducing t h e  payload volume r equ i r ed  f o r  f u t u r e  spaceborne r a d a r  f l i g h t s  and w i l l  p rovide  s e l e c t a b l e  dep re s s ion  ang le s  
f o r  t h e  SAR. I n  a d d i t i o n ,  t h e  SMIRR w i l l  b e  r e fu rb i shed  a f t e r  i t s  f l i g h t  on OSTA-1 f o r  r e f l i g h t  i n  1984 on OSTA-3. 
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CHANGES PRM FY 1981 BUDGET ESTTMATE: 

The changes between ins t ruments  i n  Shut t le /Spacelab  payload development a c t i v i t i e s  i n  FY 1981 r e s u l t  from s t r e t c h o u t  
i n  t h e  OSTA-1 program and a slowdown on t h e  Large Format Camera program t o  b e  c o n s i s t e n t  w i th  r e v i s e d  S h u t t l e  f l i g h t  
schedules .  

BASIS OF FY 1982 ESTIMATE: 

During FY 1982, t h e  Large Format Camera w i l l  b e  maintained i n  s t o r a g e ,  and p r e p a r a t i o n s  f o r  f l i g h t  on t h e  S h u t t l e  of  
t h e  OSTA-3 payload (LFC and SMIRR) and SIR-A r e f l i g h t  in mid-1984 w i l l  b e  continued.  The d a t a  from t h e  f l i g h t  of OSTA-1 
w i l l  b e  processed and analyzed f o r  g e o l o g i c a l  informat ion .  The SIR-A antenna w i l l  b e  modified t o  inco rpora t e  a f o l d  
mechanism f o r  more e f f i c i e n t  u t i l i z a t i o n  of  t h e  a v a i l a b l e  volume i n  t h e  S h u t t l e  payload bay and a t i l t  mechanism w i l l  b e  
added t o  a l low v a r i a t i o n  i n  antenna  depress ion  a n g l e  dur ing  d a t a  a c q u i s i t i o n .  Systems s p a r e s  w i l l  b e  procured f o r  t h e  
LFC, and des ign  of LFC ground o p e r a t i o n s  hardware f o r  t h e  Payload Operations Contro l  Center w i l l  b e  i n i t i a t e d .  

RD 7-19 



Agr icu l tu re  and Resources Inventory  Surveys Through Aerospace Remote Sensing (Ag RISTARS) 

1980 
Actual 

Foreign commodity product ion  f o r e c a s t i n g  ............... 6,800 
Supporting research.................................... 7,000 
Ear ly  warning, s o i l  mois ture ,  domestic c rop  

and land  use ,  conserva t ion ,  p o l l u t i o n ,  and 
renewable resources.................................. 2,200 

Total................................................ 16,000 

1981 1982 
Budget Current  Budget 

Estimate E s t i m a t e  E s t i m a t e  
(Thousands of  Do l l a r s )  

13,200 13,000 10,000 
13,800 13,400 13,800 

6,200 

33,200 

5,050 

31,450 

9,300 

33,100 

OBJECTIVES STATUS: 

The goa l  of t h e  AgRISTARS program i s  t o  determine t h e  e x t e n t  t o  which aerospace  remote sens ing  d a t a  can be  e f f i c i e n t l y  
i n t e g r a t e d  i n t o  e x i s t i n g  o r  f u t u r e  United S t a t e s  Depar tment  of Agr i cu l tu re  (USDA) systems t o  improve t h e  o b j e c t i v i t y ,  
r e l i a b i l i t y ,  t i m e l i n e s s ,  and adequacy of  in format ion  r equ i r ed  t o  c a r r y  ou t  USDA miss ions .  
t o  develop and tes t  remote sens ing  a n a l y s i s  techniques  which add re s s s  USDA informat ion  needs i n  e a r l y  warning of v a r i o u s  
environmental changes a f f e c t i n g  product ion  and q u a l i t y  of commodities and renewable r e sou rces ,  commodity product ion  
f o r e c a s t s ,  l and  u s e  c l a s s i f i c a t i o n  and measurement, renewable r e sou rces  inventory  and assessment ,  l and  p r o d u c t i v i t y  
estimates, conse rva t ion  p r a c t i c e s  assessment ,  and p o l l u t i o n  d e t e c t i o n  and impact eva lua t ion .  The e a r l y  warning and 
commodity product ion  f o r e c a s t  e f f o r t  i s  focused on f o r e i g n  c rop /coun t r i e s  f o r  which USDA has poor product ion 
e s t ima te s .  Exploratory tests have been completed f o r  wheat and b a r l e y  i n  t h e  United S t a t e s  Great P l a i n s  and Canada, and 
f o r  corn  and soybeans i n  t h e  United S t a t e s  Corn B e l t .  Exploratory tests f o r  wheat i n  A u s t r a l i a ;  corn/soybeans i n  
B r a z i l ;  and wheat, co rn ,  soybeans in Argentina are cont inuing .  Changes i n  program phasing have been made t o  accommodate 
a reschedul ing  i n  t h e  a v a i l a b i l i t y  of Thematic Mapper (TM) d a t a  t o  October 1983 c o n s i s t e n t  wi th  t h e  c u r r e n t  Landsat-D 
launch  schedule ,  and t o  accommodate a p o s s i b l e  M u l t i s p e c t r a l  Scanner d a t a  gap i n  1982. This  r e s u l t e d  i n  lengthening  t h e  
program from s i x  t o  e i g h t  yea r s  i n  t h e  a r e a s  of  suppor t ing  r e sea rch  and f o r e i g n  commodity product ion  f o r e c a s t i n g .  

The near- term o b j e c t i v e s  a r e  

CHANGES FROM FY 1981 BUDGET ESTIMATE: 

The r e d u c t i o n  of $1.75 m i l l i o n  i s  due an o v e r a l l  r educ t ion  by Congress t o  t h e  NASA a p p r o p r i a t i o n s  r eques t .  Experiment 
des ign  and r e sea rch  ac t iv i t i e s  i n  t h e  f o r e i g n  commodity product ion f o r e c a s t i n g  p r o j e c t  and development of in format ion  
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e x t r a c t i o n  techniques  have been delayed t o  r e f l e c t  t h e  impact of t h e  de l ay  of  Landsat-D themat ic  mapper d a t a  
a v a i l a b i l i t y  and a p o s s i b l e  M u l t i s p e c t r a l  Scanner d a t a  gap i n  1982. 

BASIS FOR FY 1982 EST-: 

Major FY 1982 mi l e s tones  f o r  f o r e i g n  commodity product ion  f o r e c a s t i n g  invo lve  technique development and eva lua t ion  f o r  
c rop  i d e n t i f i c a t i o n ,  c rop  development s t a g e ,  and crop  area and product ion e s t ima t ion .  These major mi l e s tones  i nc lude :  
complet ion of i n i t i a l  technique development f o r  advanced machine process ing  procedures employing Landsat d a t a  f o r  a r e a  
e s t i m a t i o n  of  United S t a t e s  corn/soybeans;  completion of i n i t i a l  d a t a  c o l l e c t i o n  and r e sea rch  f o r  development o f  
advanced d i g i t a l  p rocess ing  procedures f o r  area e s t i m a t i o n  of  United StateslCanada wheat lbar ley ;  complet ion of a 
wheat lbar ley  s e p a r a t i o n  procedure test over  a l i m i t e d  r eg ion  f o r  USSR b a r l e y ;  completion of f o r e c a s t i n g  technique 
development f o r  B r a z i l  corn/soybeans;  complet ion of  f o r e c a s t i n g  technique development, de s ign  of a technique a 
eva lua t ion  experiment ,  and i n i t i a t i o n  of  d a t a  a c q u i s i t i o n  f o r  Argentina wheat lcornlsoybeans;  and, completion of  
technique  development f o r  A u s t r a l i a  wheat and d a t a  a c q u i s i t i o n  f o r  FY 1983 t e s t i n g  of t h e  technique.  

Major FY 1982 ac t iv i t ies  under suppor t ing  r e s e a r c h  inc lude :  TM informat ion  e x t r a c t i o n  technique  development u s ing  TM 
s imu la to r  d a t a  f o r  improving t h e  accuracy of  area e s t i m a t i o n ;  development of  pre l iminary  advanced area e s t ima t ion  
technology which merges improved s t a t i s t i ca l  sampling techniques wi th  improved sample a n a l y s i s  f o r  l a r g e  area 
i n v e n t o r i e s ;  development of  improved crop  s p e c t r a l  i d e n t i f i c a t i o n  procedures based on r e s e a r c h  i n i t i a t e d  i n  FY 1981; 
improving r e g i s t r a t i o n  f o r  mul t i sensor  d a t a  a p p l i c a t i o n s  t o  c rop  i d e n t i f i c a t i o n ;  and us ing  TM s imula tor  spectral  d a t a  t o  
improve estimates o f  c rop  development s t a g e  and t o  improve respons iveness  of y i e l d  models t o  s p e c t r a l  i npu t s .  
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Applied Research and Data Analys is  (Resource Observations) 

1981 1982 
1980 Budget Current  Budget 
Actual  E s t i m a t e  E s t i m a t e  E s t i m a t e  

(Thousands of  Dol l a r s )  

Renewable resources.................................... 5,500 4,100 2,850 4,400 
Nonrenewable resources................................. 3,300 3,900 3,300 5,000 
Appl ica t ion  p i l o t  tests................................ 1,160 1,400 1,050 1,500 
Operat ional  Ear th  r e sources  system definit ion. . . . . . . . . .  1,100 1,800 600 2,000 
M u l t i l i n e a r  a r r a y  advanced 

technology development............ ................... --- --- 4,300 8,500 
Advanced studies....................................... 1,345 1,600 7 00 1,800 

Total................................................ 12 ,405  12,800 12,800 23,200 

OBJECTIVES BAD STATUS: 

The g o a l  of t h e  app l i ed  r e s e a r c h  and d a t a  a n a l y s i s  (AR&DA) ac t iv i t i e s  i s  t o  develop,  through t h e o r e t i c a l  s t u d i e s ,  
ground-based r e s e a r c h  and a i r c r a f t  ins t rument  development, remote sens ing c a p a b i l i t i e s  t h a t  can a i d  i n  t h e  management of 
renewable and nonrenewable r e sources  and monitor t h e  impact of man and h i s  works on t h e  n a t u r a l  environment; and t o  
perform t h e  advanced technology development and d e t a i l e d  system d e f i n i t i o n  s t u d i e s  r equ i red  p r i o r  t o  i n i t i a t i o n  of new 
space  f l i g h t  hardware development. This  program suppor t s  t h e  ground-based and a i r c r a f  t-based a c t i v i t i e s  f o r  renewable 
and nonrenewable obse rva t ions  r e s e a r c h ;  system d e f i n i t i o n  s t u d i e s  of f l i g h t  hardware sensors  and miss ions  i n  renewable 
and nonrenewable r e sources  and i n  geodynamics; advanced technology development r equ i red  t o  implement new s e n s o r s  and 
miss ions  and f e a s i b i l i t y  and conceptual  des ign  s t u d i e s  of f u t u r e  sensors  and miss ions .  

The o v e r a l l  o b j e c t i v e s  of  t h i s  e f f o r t  are: t o  improve machine-aided i n t e r p r e t a t i o n  and c l a s s i f i c a t i o n  and d a t a  
handl ing t echn iques ,  which are  needed t o  i n c r e a s e  e f f i c i e n c y  i n  transforming space-derived d a t a  i n t o  informat ion f o r  
u t i l i z a t i o n  by t h e  u s e r  community; t o  test t h i s  c a p a b i l i t y  wi th  t h e  u s e r s  through a p p l i c a t i o n s  p i l o t  tests; t o  analyze  
use r  requirements  f o r  new types  of space- acquired d a t a ;  t o  develop and demonstra te  ground-based o r  a i r b o r n e  systems t h a t  
are de r ived  from space  technology; t o  perform f e a s i b i l i t y ,  conceptual  des ign ,  and d e t a i l e d  systems d e f i n i t i o n  s t u d i e s  of  
new s e n s o r s  and miss ions ;  and t o  perform t h e  advanced technology development necessa ry  t o  implement t h e s e  new sensors  
and miss ions .  
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The s p e c i f i c  o b j e c t i v e s  i n  renewable r e sou rces  are t o  extend and s t r eng then  t h e  fundamental understanding of t h e  
remote sens ing  process ,  t o  eva lua t e  improvements t o  land  cover inventory  and monitoring r e s u l t i n g  from use  of t h e  
thematic  mapper, thermal  i n f r a r e d ,  and pas s ive  and a c t i v e  microwave d a t a ;  t o  develop improved ground and a i r c r a f t  
microwave senso r s  and d a t a  p roces so r s ;  and t o  conduct j o i n t  user  tests ( a p p l i c a t i o n s  p i l o t  t e s t s )  which apply  t h e s e  
techniques  i n  an o p e r a t i o n a l  s e t t i n g .  

The s p e c i f i c  o b j e c t i v e s  i n  nonrenewable r e sou rces  are t o  develop techniques  f o r  e x t r a c t i n g  u s e f u l  geo log ica l  
in format ion  from remote sens ing  measurements; t o  employ remote sens ing  techniques  i n  unique and innovat ive  ways; t o  
develop improved geo log ica l  models; and t o  exper imenta l ly  e v a l u a t e  t h e  u t i l i t y  of  remote sens ing  methods f o r  s p e c i f i c  
geo log ica l  a p p l i c a t i o n s .  

The o b j e c t i v e  of  a p p l i c a t i o n  p i l o t  tests (APT) is  t o  develop and test research- proven remote sens ing  techniques  
j o i n t l y  wi th  u s e r s  i n p p e r a t i o n a l  a p p l i c a t i o n s .  Three APT'S w e r e  s u c c e s s f u l l y  completed i n  FY 1980 and r e s u l t e d  i n  
ope ra t i ona l  implementation of  Landsat d i g i t a l  p rocess ing  systems. These inc luded  a Landsat-based automated r e sou rces  
inventory  system f o r  t h e  Navajo n a t i o n ,  a wi ld land  v e g e t a t i o n  r e sou rces  inventory  system wi th  t h e  Bureau of Land 
Management, and a f o r e s t  r e sou rces  informat ion  system wi th  t h e  Southern Timberlands Div is ion  of  t h e  S t .  Regis  Paper 
Company. An automated c o t t o n  acreage  inventory  system wi th  Cotton, Incorpora ted ,  i s  scheduled f o r  completion i n  FY 
1981. 

The o b j e c t i v e  of t h e  advanced s tudy  a c t i v i t y  i s  t o  perform f e a s i b i l i t y  and conceptual  de s ign  s t u d i e s  of  f u t u r e  s enso r s  
and miss ions  i n  o rde r  t o  ensure  t h e  concep tua l i za t i on  of high p r i o r i t y  f u t u r e  c a p a b i l i t i e s  i n  remote sens ing  of Earth 
resources .  

The o b j e c t i v e  of  t h e  o p e r a t i o n a l  Ear th  r e sou rces  system d e f i n i t i o n  a c t i v i t i t y  i s  t o  suppor t  NOAA i n  i t s  newly ass igned  
r e s p o n s i b l i t y  f o r  t h e  f u t u r e  Opera t iona l  Land Observing System (OLOS). Activities i n  FY 1982 inc lude  conceptual  
d e f i n i t i o n  of  OLOS i nc lud ing  a top-down t o t a l  system a r c h i t e c t u r e  and i t s  modes of  ope ra t i on ,  an  a n a l y s i s  of d a t a  
a c q u i s i t i o n  requi rements ,  and i d e n t i f i c a t i o n  of implementation opt ions .  In FY 1980, a survey of p o t e n t i a l  user  
requirements  f o r  space- acquired d a t a  i n  t h e  mid-to-late-1980's and an a n a l y s i s  of  t h e s e  d a t a  were performed; a 
pre l iminary  f e a s i b i l i t y  s tudy  of t h e  space and ground segments was i n i t i a t e d .  In  FY 1981 system conceptua l  des ign  
s t u d i e s  w i l l  b e  i n i t i a t e d  and use r  t e c h n i c a l  requirements  and system s p e c i f i c a t i o n s  e s t a b l i s h e d .  

In  FY 1981, a program w i l l  b e  i n i t i a t e d  t o  develop t h e  technology t o  suppor t  t h e  conceptual  des ign  and f u t u r e  
engineer ing  development of a M u l t i l i n e a r  Array (MLA) ins t rument  f o r  t h e  nex t  gene ra t ion  remote sens ing  system. The MLA 
s o l i d  s ta te  sensor  w i l l  u l t i m a t e l y  provide improved services t o  t h e  user  and new land  remote sens ing  c a p a b i l i t i e s  f o r  
t h e  c i v i l  o p e r a t i o n a l  land  observing system i n  t h e  l a t e  1980's. 
(pushbroom mode). Fundamental advantages a r e  improved s p e c t r a l  and s p a t i a l  r e s o l u t i o n ;  improved r e g i s t r a t i o n  and 
geometic f i d e l i t y ;  g r e a t e r  s e n s i t i v i t y ;  and t h e  c a p a b i l i t y  f o r  selective spectral  bands, r e s o l u t i o n ,  and swath width. 

The MLA s o l i d  s ta te  sensor  uses  e l e c t r o n i c  scanning 
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Sol id  s ta te  technology i s  be ing  e x p l o i t e d  i n  French and Japanese sa te l l i te  developments. This  advanced technology 
development program w i l l  provide  a base  f o r  mainta ining United States l e a d e r s h i p  i n  t h i s  c r i t i c a l  area. These advanced 
technology development a c t i v i t i e s  i n c l u d e  t h e  development of  t h e  shortwave i n f r a r e d  detectcjr  f oca1 p lane  a r r a y ,  
considered t h e  pacing i t e m  i n  t h e  MLA technology development, and a d e f i n i t i o n  s tudy  f o r  an MLA ins t rument  t o  provide  
t h e  b a s i s  f o r  ins t rument  des ign  s p e c i f i c a t i o n .  These a c t i v i t i e s  w i l l  be  continued i n  FY 1982. 

C W G E S  PBon FY 1981 BUDGET ESTIMATE: 

Rea l loca t ion  of funding w i t h i n  t h e  AR&DA a c t i v i t y  w a s  r equ i red  i n  o rde r  t o  i n i t i a t e  t h e  MLA technology development and 
s tudy  e f f o r t s  i n  FY 1981 as  requested by t h e  Congress. 

BASIS OF FY 1982 ESTlMAlT: 

Renewable Resources: The FY 1982 budget i s  based on c o n t i n u a t i o n  of r e s e a r c h  i n  land resources  remote sens ing 
techniques  development, fundamental remote sens ing  i n v e s t i g a t i o n s ,  and p rocess ing  technique development. 

Nonrenewable Resources: Planned r e s e a r c h  w i l l  extend i n t o  o t h e r  p o r t i o n s  of  t h e  e l ec t romagne t i c  spectrum, 
s p e c i f i c a l l y  concen t ra t ing  upon t h e  thermal  i n f r a r e d  and microwave reg ions .  Measurement c a p a b i l i t i e s  from a i r c r a f t  
p la t forms w i l l  b e  expanded and upgraded wi th  t h e  f a b r i c a t i o n  of a six- channel multiband thermal i n f r a r e d  scanner ,  and 
t h e  development of d i g i t a l  d a t a  r ecord ing  systems f o r  a i r b o r n e  r a d a r s .  Op t i ca l  process ing of Seasat  s y n t h e t i c  a p e r t u r e  
r a d a r  d a t a  over  l and  areas w i l l  be  completed. 
concen t ra t ing  upon f luorescence  methods, laser remote sens ing ,  and long wave l e n g t h  e lec t romagne t i c  sounding 
techniques .  Small s c a l e  test p r o j e c t s  w i l l  be  i n i t i a t e d  t o  i n v e s t i g a t e  p o t e n t i a l  new a p p l i c a t i o n s  of space  technology 
concerned wi th  engineer ing geology, environmental  impact of r e source  development, and geo log ic  hazards  a n a l y s i s .  

I n i t i a l  developments of new techniques  w i l l  commence i n  FY 1982, 

Appl i ca t ions  P i l o t  Tests: In FY 1982 f o u r  APT's w i l l  cont inue wi th  t h e  Pennsylvania Department of Environmental 
Resources, t h e  Missouri  Farm Associa t ion,  t h e  C a l i f o r n i a  Department of Water Resources,  and t h e  United S t a t e s  Geological  
Survey. Three new APT's w i l l  be  i n i t i a t e d  which w i l l  test t h e  use  of t h e  themat ic  mapper us ing a i r c r a f t  d a t a  de r ived  
from t h e  themat ic  mapper s imula to r .  

Opera t iona l  Ear th  Resources S a t e l l i t e  D e f i n i t i o n :  The FY 1982 funds  w i l l  be  used t o  i n i t i a t e  compe t i t ive  c o n t r a c t o r  
suppor ted  s t u d i e s  t o  d e f i n e  t h e  o p e r a t i o n a l  l and  observing system. 

M u l i t l i n e a r  Array (MLA) ATD: FY 1982 funds  w i l l  suppor t  ins t rument  d e f i n i t i o n  and t h e  shortwave i n f r a r e d  d e t e c t o r  and 
f o c a l  p lane  a r r a y  s t u d i e s  i n  suppor t  of t h e  MLA s o l i d  s t a t e  sensor  development. The ins t rument  d e f i n i t i o n  s t u d i e s  
inc lude  conceptual  des ign  of t h e  s o l i d  s t a t e  sensor  ins t rument  wi th  emphasis on f o c a l  p lane  d a t a  process ing,  onboard 
d a t a  p rocess ing ,  f o c a l  p lane  m i c r o c i r c u i t r y ,  d a t a  compression, d a t a  s t o r a g e ,  and d a t a  t ransmiss ion techniques.  These 

RD 7- 2 4  



s t u d i e s  w i l l  b e  eva lua ted  and s p e c i f i c a t i o n s  f o r  an MLA ins t rument  der ived  from t h i s  e f f o r t .  The shortwave i n f r a r e d  
d e t e c t o r  and f o c a l  p lane  a r r a y  a c t i v i t i e s  w i l l  inc lude  t h e  development of d e t e c t o r  materials, f o c a l  p lane  m i c r o c i r c u i t r y  
and a r r a y s ,  on- focal- plane d a t a  process ing ,  coo le r  technology,  and readout  techniques .  E f f o r t  w i l l  a l s o  b e  undertaken 
t o  d e f i n e  t h e  ground d a t a  process ing  f a c i l i t y  r equ i r ed  t o  handle t h e  increased  d a t a  r a t e s  and throughput demands f o r  t h e  
next  gene ra t ion  l a n d  remote sens ing  system. 

Advanced Studies :  Planned s t u d i e s  of  p o t e n t i a l  f u t u r e  s enso r s  and h igh  p r i o r i t y  miss ions  f o r  remote sens ing  of Ear th  
r e sou rces  w i l l  b e  continued.  
and nonrenewable r e sea rch  a c t i v i t y ;  concep tua l i za t i on  of t h e  s enso r s  and t h e  miss ions  w i l l  be  accomplished i n  t h e  
advanced s tudy  e f f o r t .  
mission,  a l and  observing r ada r  r e s e a r c h  miss ion ,  a thermal  i n f a r e d  mapping miss ion ,  and a d i g i t a l  topographic mapping 
sensor  and mission.  

S tud ie s  on t h e  f e a s i b i l i t y  of t h e  techniques w i l l  be  performed as p a r t  of t h e  renewable 

S tud ie s  t o  be  performed i n  FY 1982 inc lude  con t inua t ion  of t h e  advanced s tudy  f o r  t h e  Gravsat 
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Geodynamics 

1981 1982 
1980 Budget Current Budget 
Actual Estimate Est imate E s t i m a t e  

(Thousands of D o l l a r s )  

11,570 17,300 Crus nl dynamic project................................ 9,600 12,600 
Laser network ope ra t ions . .  ............................. (8 ,400 )  * 9,000 8,630 12,400 
Research and technique  development...... ............... 3,000 3,200 3,200 2,200 

Total................................................ 12,600 24,800 23,400 31,900 

*Funding r e s p o n s i b i l i t y  t r a n s f e r r e d  from Space Tracking and Data Systems t o  Space Appl ica t ions  i n  FY 1981 ;  FY 
funding n o t  inc luded  i n  t o t a l s .  

OBJJXTIVES AND STATUS: 

The geodynamics program makes use  of t h e  unique c a p a b i l i t i e s  provided by space  techniques  t o  improve our  unl ing 
of t h e  dynamic processes  occurr ing  wi th in  t h e  Earth and on i t s  su r f ace .  The o b j e c t i v e s  of t h e  program are t o  v e r i f y  and 
extend tec tonophys ica l  t h e o r i e s  by measuring t h e  contemporary motions of t h e  p l a t e s  and determining t h e  p l a t e- dr iv ing  
f o r c e s ;  t o  c o n t r i b u t e  t o  s t u d i e s  of ear thquake mechanisms by measuring and modeling crus ta l .  deformation a t  a c t i v e  p l a t e  
boundar ies ;  t o  s tudy  c a u s a t i v e  r e l a t i o n s h i p s  between v a r i a t i o n s  i n  t h e  Earth 's  p o l a r  motion and r o t a t i o n a l  r a t e  wi th  
ear thquake  occurences,  i n t e r n a l  c o r e  dynamics, and o t h e r  phys i ca l  phenomena; and t o  map and model t h e  g loba l  g r a v i t y  
f i e l d  f o r  s t u d i e s  of  c r u s t a l  p roces se s  a s s o c i a t e d  wi th  t h e  formation of minera l  and petroleum d e p o s i t s ,  f o r  s t u d i e s  of  
t h e  i n t e r n a l  composition and s t r u c t u r e  of  t h e  Ear th ,  and f o r  s t u d i e s  of  oceanic  c i r c u l a t i o n  and c u r r e n t  systems.  

The d i s t a n c e  measurement techniques  are based on laser ranging t o  sa te l l i tes  and t h e  Moon and on a Very Long Base l ine  
Microwave In t e r f e rome t ry  ( V L B I )  us ing  s i g n a l s  from r a d i o  stars o r ,  in t h e  f u t u r e ,  t e l eme t ry  from t h e  g loba l  p o s i t i o n i n g  
system sate l l i tes .  
Earth 's  g r a v i t y  f i e l d  i s  deduced from t h e  p e r t u r b a t i o n  of sa te l l i t e  o r b i t s  us ing  t e l eme t ry  o r  l a s e r  t r ack ing  from t h e  

'Ihese techniques  a l s o  provide  informat ion  on t h e  Earth 's  po l a r  motion and r o t a t i o n a l  r a t e .  The 

1980 

erstanl  

ground o r  u s ing  s a t e l l i t e - t o- s a t e l l i t e  t r ack ing .  

The c r u s t a l  dynamics p r o j e c t  suppor t s  t h e  development of l a s e r  ranging and VLBI systems f o r  measurement of p l a t e  
motion, p l a t e  s t a b i l i t y ,  r e g i o n a l  c r u s t a l  deformation,  po l a r  motion, and Ear th  r o t a t i o n .  The p r o j e c t  i s  expected t o  
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c o n t r i b u t e  t o  understanding why and how ear thquakes  occur and perhaps t o  t h e  development of ear thquake  p r e d i c t i o n  
methods. The p r o j e c t  a c t i v i t y  is conducted j o i n t l y  wi th  NOAA, USGS, NSF, and DMA, through an in te ragency  agreement f o r  
t h e  a p p l i c a t i o n  of space  technology t o  c r u s t a l  dynamics and earthquake r e sea rch .  
concluded wi th  Japan f o r  j o i n t  VLBI  experiments  i n  1983 us ing  a V L B I  s t a t i o n  t o  b e  developed by Japan a t  t h e  Radio 
Research Labora to r i e s  a t  Kashima. The laser network o p e r a t i o n s  suppor t s  o p e r a t i o n s  and d a t a  process ing  f o r  mobile 
lasers i n  t h e  United S t a t e s ,  t h e  P a c i f i c ,  South America, and A u s t r a l i a .  

In  February 1980, an agreement w a s  

I n  a cont inuing  e f f o r t  t o  v e r i f y  t h e  accuracy of  laser ranging and VLBI ,  l a s e r s  were loca t ed  i n  1980 a t  s i t e s  on t h e  
East  and West Coasts and i n  Texas. The d a t a ,  which a r e  now being analyzed,  a r e  expected t o  show agreement over  t h e  
4,000 km b a s e l i n e  t o  f5 cm. In 1980, mobile  lasers were a l s o  l oca t ed  on several i s l a n d s  i n  t h e  P a c i f i c  and i n  
Ca l i fo rn i a .  Observat ions were a l s o  made wi th  VLBI s t a t i o n s  i n  t h e  United S t a t e s ,  Germany, Sweden, and England. As a 
result, i n i t i a l  b a s e l i n e s  have been obta ined  f o r  l o c a t i o n s  on t h e  P a c i f i c ,  North American, Aus t r a l i an ,  South American, 
and Eurasian Plates.  These observa t ions  w i l l  b e  repea ted  once o r  twice each year  t o  o b t a i n  informat ion  on p l a t e  
v e l o c i t i e s .  VLBI measurements w i th in  t h e  United S t a t e s  over  t h e  p a s t  f o u r  y e a r s  have e s t a b l i s h e d  an upper bound on t h e  
i n t e r n a l  s t a b i l i t y  of t h e  North American P l a t e .  These r e s u l t s  show t h e  i n t e r n a l  deformation r a t e  t o  b e  less than  one 
cent imeter  pe r  year .  I f  t h i s  i s  confirmed by measurements on o t h e r  p l a t e s ,  t h e  important  ques t ion  of  p l a t e  r i g i d i t y  may 
b e  r e s o l v a b l e  i n  t h e  next  few years .  

The laser and VLBI  systems a l s o  p a r t i c i p a t e d ,  from August through October 1980, i n  an i n t e r n a t i o n a l  campaign f o r  
eva lua t ion  of methods f o r  measurement of Earth r o t a t i o n  and po la r  motion. P r o j e c t  MERIT (Measurement of Earth Rota t ion  
and Intercomparison of  Techniques),  i s  sponsored by t h e  I n t e r n a t i o n a l  Astronomical Union and i s  intended t o  l e a d  t o  a 
new system f o r  Earth r o t a t i o n  monitoring i n  t h e  l a t e  1980's. 

I n  mid-1979, measurements of  t h e  relat ive l o c a t i o n  of  t h e  JPL and t h e  Goldstone deep space  network s t a t i o n  i n  Southern 
C a l i f o r n i a  over  several months i nd i ca t ed  an unusual ly  l a r g e  western movement (20cm) t o  t h e  northwest  ( t h e  sense  of 
movement a long  t h e  San Andreas F a u l t ,  which runs  between JPL and Goldstone) ,  fol lowed by a r e t u r n  t o  t h e  o r i g i n a l  
l oca t ion .  S imi l a r  movement w a s  de t ec t ed  i n  t h e  same a r e a  by t h e  USGS using convent iona l  methods. This movement i s  
considered anomalous and i s  n o t  understood a t  p re sen t .  Measurements were continued i n  1980, b u t  no f u r t h e r  movement has  
been de t ec t ed .  I n  October 1980, a new system, t h e  t r a n s p o r t a b l e  laser ranging s t a t i o n ,  b u i l t  f o r  NASA by t h e  Un ive r s i t y  
of Texas, w a s  l o c a t e d  a t  JPL t o  cont inue  t h e  measurements and t o  check on  t h e  r e s u l t s  be ing  obta ined  wi th  t h e  mobile 
VLBI  system. Measurement s t r a t e g y  i s  be ing  c l o s e l y  coord ina ted  wi th  t h e  Earthquake Studies  Off ice  of USGS. 

I n  1981, mobile  laser and VLBI  systems w i l l  be  l o c a t e d  a t  approximately twenty s i t e s  i n  C a l i f o r n i a ,  s e l e c t e d  i n  
coo rd ina t ion  wi th  t h e  USGS, NOAA, and o t h e r s ,  t o  begin  t h e  most i n t e n s i v e  s tudy  of c r u s t a l  deformation ever at tempted.  
Also i n  1981, measurements of  p l a t e  motion and r o t a t i o n a l  dynamics w i l l  b e  continued.  
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The geodynamics r e s e a r c h  and technique development e f f o r t  inc ludes  s t u d i e s  of s o l i d  Ear th  dynamics, c r u s t a l  movement, 
g r a v i t y  and magnetic f i e l d  modeling and new system concepts.  The o b j e c t i v e s  are t o  develop models and t h e o r e t i c a l  
fo rmula t ions  which w i l l  l e a d  t o  a b e t t e r  understanding of t h e  phys ica l  p rocesses  involved and t o  provide  improved 
methods f o r  c r u s t a l  deformation measurements, g r a v i t y  f i e l d  survey,  and g l o b a l  t i m e  t r a n s f e r .  In FY 1981, s t u d i e s  of  
r e g i o n a l  c r u s t a l  modeling i n  s e l e c t e d  areas, of t h e  i n t e r i o r  s t r u c t u r e  of t h e  Ear th ,  and t h e  methods of modeling t h e  
Earth 's  g r a v i t y  f i e l d  w i l l  b e  conducted a t  u n i v e r s i t i e s  and NASA Centers. 
Emission Radio I n t e r f e r o m e t r i c  Ear th  Surveying),  a system which w i l l  use  s i g n a l s  from t h e  g l o b a l  p o s i t i o n i n g  system 
(GPS) f o r  moni tor ing l o c a l  c r u s t a l  deformat ion (20-200km), w i l l  be  t e s t e d  t o  v e r i f y  performance. Laboratory models of a 
s ing le- ax i s  cryogenic  g r a v i t y  gradiometer  w i l l  b e  completed and t e s t e d .  

Engineering p ro to types  of SERIES ( S a t e l l i t e  

CHANGES FB(E( FY 1981 ESTIMATE: 

The r e d u c t i o n  of  $ 1 . 4  m i l l i o n  i s  due t o  a g e n e r a l  r educ t ion  by Congress t o  t h e  NASA a p p r o p r i a t i o n s  r eques t .  

BmIS OF PY 1982 ESTIWATE: 

In  FY 1982, c r u s t a l  deformation measurements i n  C a l i f o r n i a  w i l l  be  continued and extended t o  inc lude  most of t h e  
western p a r t  of  t h e  United States.  The p l a t e  motion, p l a t e  s t a b i l i t y ,  p o l a r  motion, and Earth r o t a t i o n  measurements 
w i l l  b e  continued.  Measurements of  t h e  relat ive motion of  t h e  Nazca and South American p l a t e s  w i l l  be  i n i t i a t e d .  This  
motion i s  suspected t o  be  as  l a r g e  as  18cm per yea r  - t h e  l a r g e s t  movement f o r  any of t h e  p l a t e s  and consequent ly  an  
i d e a l  p l a c e  t o  test t e c t o n i c  t h e o r i e s .  Cooperative agreements wi th  o t h e r  c o u n t r i e s  f o r  j o i n t  s t u d i e s  of c r u s t a l  
movements i n  s e i s m i c a l l y  a c t i v e  areas w i l l  be  i n i t i a t e d  on t h e  b a s i s  of responses  t o  t h e  announcement of oppor tun i ty  
r e l e a s e d  i n  October,  1980. In a d d i t i o n ,  s t u d i e s  by 25 i n v e s t i g a t o r s  s e l e c t e d  t o  analyze  laser ranging d a t a  f o r  s t u d i e s  
of p o l a r  motion, Earth r o t a t i o n ,  p l a t e  motion and s o l i d  Earth t i d e s  w i l l  b e  completed i n  FY 1982. 

Mobile lasers w i l l  be l o c a t e d  wi th in  t h e  United S t a t e s ,  on Easter I s l a n d  and T a h i t i ,  and i n  Aus t ra l i a .  Fixed lasers 
w i l l  b e  opera ted i n  t h e  United Sta tes ,  South America, A u s t r a l i a ,  and perhaps Ind ia .  These obse rva t ions  w i l l  be 
coordinated wi th  laser systems opera ted by c o u n t r i e s  i n  Europe and by Japan. To suppor t  t h e  r e g i o n a l  c r u s t a l  
deformation s t u d i e s ,  a second t r a n s p o r t a b l e  laser  ranging s t a t i o n  w i l l  b e  completed, upgrade of two mobile VLBI  systems 
and procurement of  a t h i r d  w i l l  a l s o  b e  completed, and t h r e e  mobile lasers w i l l  be  modified t o  improve ranging 
performance from 5cm t o  1-2cm. Modeling s t u d i e s  of c r u s t a l  movement and i n t e r n a l  c o r e  dynamics w i l l  b e  cont inued.  
SERIES u n i t s  w i l l  be  upgraded f o r  f i e l d  use  and d a t a  from t h e s e  u n i t s  w i l l  be  intercompared wi th  o t h e r  GPS r e c e i v e r  
concepts.  
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Geological  Appl ica t ions  Program (GAP) 

1981 1982 
1980 Budget Current Budget 
Actual  E s t i m a t e  E s t i m a t e  Est imate  

(Thousands of D o l l a r s )  

--- --- 10,000 Geological  a p p l i c a t i o n s  program........................ --- 
OBJECTIVES BND STATUS: 

The g o a l  of t h e  g e o l o g i c a l  a p p l i c a t i o n s  program (GAP) i s  t o  improve t h e  e f f e c t i v e n e s s  of g l o b a l  assessment ,  
e x p l o r a t i o n ,  and development o f  minera l  and energy r e s o u r c e s  through t h e  use  of space  techniques .  The o b j e c t i v e s  of t h e  
program are: (1) t o  develop remote sens ing  methods f o r  sys temat ic  geo log ic  mapping on a g l o b a l  b a s i s ,  and (2) t o  develop 
improved g e o l o g i c a l  models which employ space acqu i red  d a t a  f o r  r e s o u r c e  e v a l u a t i o n  and development. 
s e l e c t i v e l y  i d e n t i f i e s  a series of  remote sens ing  t echn iques  wi th  proven p o t e n t i a l  f o r  geo log ic  mapping and c r u s t a l  
r e s e a r c h .  The t e c h n i c a l  s o p h i s t i c a t i o n  of t h e s e  techniques  w i l l  be  upgraded through i n t e n s i v e  r e s e a r c h  and 
development. A t  t h e  same t i m e ,  a series of test  p r o j e c t s  w i l l  be conducted a t  d i f f e r e n t  s p a t i a l  s c a l e s  i n  d i f f e r e n t  
p h y s i c a l  environments t o  e v a l u a t e  exper imenta l ly  t h e  a p p l i c a b i l i t y  of remote s e n s i n g  methods t o  nonrenewable r e s o u r c e  
assessment  and development. P r a c t i c a l  a n a l y s i s  of s p e c i f i c  test sites w i l l  be  performed by i n v e s t i g a t o r  c o n s o r t i a  
invo lv ing  r e p r e s e n t a t i v e s  of Federal  agenc ies ,  p r i v a t e  i n d u s t r y ,  and academia. Consequently, geo log ic  mapping 
t echn iques  and m i n e r a l i z a t i o n  models developed by t h e  program w i l l  be r e a d i l y  i n t e g r a t e d  i n t o  c u r r e n t  methods of 
r e s o u r c e  e v a l u a t i o n  and development. 

The program 

GAP i s  r e s p o n s i v e  t o  n a t i o n a l  concerns  about  t h e  a v a i l a b i l i t y  and long- term supply  of m i n e r a l s ,  g a s ,  and o i l  e s s e n t i a l  
t o  t h e  o p e r a t i o n  and growth of t h e  United S t a t e s  economy, as r e c e n t l y  expressed i n  t h e  Na t iona l  Materials and Minerals  
P o l i c y ,  Research,  and Development A c t  of  1980. GAP i s  designed t o  determine t h e  u t i l i t y  and opt imize  t h e  development of 
space  remote s e n s i n g  methods wi th  r e s p e c t  t o  n a t i o n a l  needs f o r  g l o b a l  nonrenewable r e s o u r c e s  informat ion.  GAP w i l l  
p l a c e  t h e  United S t a t e s  i n  a unique p o s i t i o n  i n  terms of  e x p l o i t i n g  s a t e l l i t e  technology f o r  g l o b a l  r e source  e v a l u a t i o n  
and n a t i o n a l  m a t e r i a l s  p o l i c y  fo rmula t ion  i n  t h e  l a t e  n i n e t e e n- e i g h t i e s .  

GAP i s  a time-phased program. The f i r s t  phase,  be ing  proposed f o r  i n i t i a t i o n  i n  FY 1982, i s  f i v e  y e a r s  i n  d u r a t i o n .  
GAP p l a n s  have been developed through a series of  meet ings  and workshops wi th  p r i v a t e  i n d u s t r y ,  o t h e r  Federal  agenc ies  
(no tab ly  t h e  United S t a t e s  Geological  Survey, Department o f  Energy, and t h e  Na t iona l  Science Foundat ion) ,  and academia. 
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BASIS OF FY 1982 ESTIMATE: 

Funding p rov ides  f o r  development and t e s t i n g  of remote sens ing  techniques  f o r  purposes of  rock- type d i s c r i m i n a t i o n ,  
geobo tan i ca l  mapping, topographic a n a l y s i s ,  and c r u s t a l  modeling. Geological  mapping tes t  c a s e  s t u d i e s  w i l l  b e  
conducted j o i n t l y  w i th  p r i v a t e  i n d u s t r y  i n  areas wi th  d i f f e r e n t  v e g e t a t i v e  cover .  

These s t u d i e s  w i l l  b e  conducted i n  areas of known mine ra l i za t i on .  S p e c i f i c  tes t  sites w i l l  b e  s e l e c t e d  j o i n t l y  w i th  
p r i v a t e  s e c t o r  companies. Candidate si tes invo lve  areas con t a in ing  known d e p o s i t s  of chromium, uranium, t i t an ium,  and 
o i l  and gas .  
m ine ra l  d e p o s i t s  i n  d i f f e r e n t  t e c t o n i c  environments.  
d i s t i n c t l y  d i f f e r e n t  phys i ca l  environments - Alaska and t h e  southwestern United States. 
conducted i n  coope ra t i on  w i th  t h e  Departments of t h e  I n t e r i o r  and Energy, and r e l e v a n t  s ta te  agenc ies .  

A mineralogenic s t udy  p r o j e c t  w i l l  b e  i n i t i a t e d  i n  t h e  Caribbean r eg ion  t o  model t h e  d i s t r i b t u i o n  of 
Large area mine ra l  assessment  experiments  w i l l  beg in  i n  two 

These p r o j e c t s  w i l l  b e  
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BASIS OF FY 1982 FUNDING BEQU-S: 

ENVIRONMENTAL OBSERVATIONS 

Upper a tmospher ic  r e s e a r c h  program..................... 
Applied r e s e a r c h  and d a t a  analysis..................... 
Shu t t l e /Space lab  payload development................... 
Opera t iona l  sa te l l i te  improvement program.............. 
Ear th  r a d i a t i o n  budget experiment...................... 
Halogen o c c u l t a t i o n  experiment......................... 
Extended miss ion  operations............................ 
Na t iona l  o c e a n i c  sa te l l i t e  
N i m b u s - 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Upper a tmospher ic  r e s e a r c h  s a t e l l i t e  exper iments  and 

miss ion  defintion.................................... 
NOSS r e s e a r c h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

system (NOSS)...... ......... 

1980 
Actual 

12,400  
48,570 

9,600 
7,400 

13 ,720  
8,000 
5,800 

500 
--- 

Total................................................ 105,990 

1981 
Current Budget 

E s t  i m a  t e  E s t i m a t e  
(Thousands of D o l l a r s )  

13,500  
49,900 
1 , 700 
9,200 

17,000 
4,500 
8,000 
5,800 --- 

13,500 
48,100 

1,700 
9,200 

20,300 
4,500 
8,000 
5,800 --- 

109,600 111,100 

1982 
Budget 

E s t i m a t e  

15,000 
56,500 

5,800 
13,800 
24,000 

7,500 
11,400 
34,600 --- 
20,000 

6,000 

194,600 

Page 
NO 
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OBJECTIVES AND STATUS: 

The g o a l  o f  NASA's environmental  o b s e r v a t i o n  program i s  t o  provide  a c a p a b i l i t y  t o  measure and p r e d i c t  those  key 
atmosphere and oceanic  p rocesses  which a f f e c t  our  d a i l y  l ives  and longer  term a c t i v i t i e s .  
methodology employed invo lves  t h e  i d e n t i f i c a t i o n ,  measurement, unders tanding,  assessment ,  and p r e d i c t i o n  o f  t h e s e  
p rocesses ;  development o f  t h e  b a s i s  f o r  t h e  most s u i t a b l e  o p e r a t i o n a l  measurement sys tems;  and t r a n s f e r  of t h e s e  sys tems 
t o  t h e  a p p r o p r i a t e  s e c t o r  (Federa l ,  s t a t e ,  l o c a l ,  p r i v a t e )  t o g e t h e r  wi th  t h e  suppor t ing  technology necessa ry  f o r  t h e i r  
opt imal  use. 

I n  g e n e r a l  terms, t h e  
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To ach i eve  t h i s  g o a l  a number of  s i g n i f i c a n t  o b j e c t i v e s  have been set f o r  t h e  nex t  decade. These i nc lude  advancing 
t h e  unders tanding  of t h e  upper atmosphere through t h e  de t e rmina t i on  of t h e  s p a t i a l  and temporal  d i s t r i b u t i o n  of ozone 
and select  n i t r o g e n ,  hydrogen, and c h l o r i n e  s p e c i e s  i n  t h e  upper atmosphere, a dynamic d e s c r i p t i o n  of v e r i f y i n g  
techniques  f o r  moni tor ing  and p r e d i c t i n g  r e g i o n a l  and g l o b a l  a i r  p o l l u t i o n ;  t h e  improvement of o p e r a t i o n a l  weather  
sa te l l i t e  c a p a b i l i t i e s ;  op t imiza t i on  of  t h e  use  of space- derived measurements i n  weather f o r e c a s t i n g ;  improvements i n  
knowledge of severe storms and f o r e c a s t  c a p a b i l i t i e s ;  implementation of an  o p e r a t i o n a l  ocean s u r f a c e  wind, t empera ture ,  
and wave observ ing  c a p a b i l i t y ;  a more thorough unders tanding  of l a rge- sca l e  open ocean c u r r e n t s ;  and an improved 
knowledge of s ea sona l  c l i m a t e  v a r i a b i l i t y  l e ad ing  t o  t h e  development of a long term s t r a t e g y  f o r  climate obse rva t i ons  
and p r e d i c t i o n .  

Remote s ens ing  from space  i s  t h e  p r i n c i p a l  method t h a t  NASA u s e s  t o  accomplish i t s  o b j e c t i v e s .  App l i ca t i on  of remote 
s ens ing  r e q u i r e s  a balanced set of a c t i v i t i e s  i nc lud ing :  a n a l y t i c a l  modeling and s imu la t i on ,  l a b o r a t o r y  r e s e a r c h  of 
fundamental p roces se s ,  development of  i n s t rumen ta t i on ,  f l i g h t  of t h e  i n s t rumen t s  on S h u t t l e  and ded i ca t ed  s p a c e c r a f t ,  
c o l l e c t i o n  of i n  s i t u  a n c i l l a r y  o r  v a l i d a t i o n  d a t a ,  v a l i d a t i o n  of t h e  remotely- sensed d a t a ,  s c i e n t i f i c  a n a l y s i s  of d a t a ,  
and t r a n s f e r  o f  t h e  c a p a b i l i t i e s  t o  o t h e r  agenc i e s  (Fede ra l ,  s t a t e ,  l o c a l )  o r  t h e  p r i v a t e  s e c t o r .  The approach i s  t o  
develop a t echno log i ca l  c a p a b i l i t y  and a s t r o n g  s c i e n t i f i c  ba se  and t hen  t o  c o l l e c t  a p p r o p r i a t e  d a t a  (from space  and i n  
s i t u )  which, t aken  t o g e t h e r ,  w i l l  add re s s  a p a r t i c u l a r  program ob jec t i ve .  

Our s t u d i e s  of t h e  upper atmosphere have made p rog re s s  i n  determining t h e  s p a t i a l  and temporal  d i s t r i b u t i o n  of ozone, 

The process ing  of Nimbus Backsca t te r  
de te rmin ing  t h e  i n t e r a c t i o n  among key p roces se s  and developing a s t r a t e g y  f o r  observ ing  t h e  upper atmosphere. The 
p o t e n t i a l  t h r e a t  of man's a c t i v i t i e s  t o  t h e  ozone l a y e r  i s  of cont inu ing  concern. 
U l t r a v i o l e t  (BUV) t o t a l  ozone and upper s t r a t o s p h e r i c  ozone d a t a  f o r  t h e  per iod  1970-1977 h a s  been completed and 
a n a l y s i s  of t h i s  important  d a t a  ba se  w i l l  con t inue .  We have been a b l e  t o  s e p a r a t e  annual  from b i e n n u i a l  t r e n d s  and have  
de r ived  ozone d i s t r i b u t i o n s  a s  a f u n c t i o n  of  geographic l o c a t i o n  and a t t i t u d e .  We have cont inued t o  s tudy  t h e  neces sa ry  
next  s t e p  i n  ob t a in ing  t h e  d a t a  b a s e  r equ i r ed  t o  v a l i d a t e  and advance our  p r e d i c t i v e  c a p a b i l i t y  i n  t h e  upper 
atmosphere. %is s t e p  would be  t h e  development of t h e  upper atmospheric  r e s e a r c h  sa te l l i tes  which would provide  t h e  
c a p a b i l i t y  t o  advance our  understanding of  t h e  coupl ing  mechanisms i n  t h i s  r eg ion .  

A number of  new in s t rumen t s  which are needed t o  ach i eve  t h e  o b j e c t i v e  of  measuring t h e  key chemical  s p e c i e s  i n  t h e  
upper atmosphere have been developed and t e s t e d .  
observ ing  r e g i o n a l  a i r  p o l l u t i o n  ep i sodes  ( p o s s i b l e  p r ecu r so r s  of a c i d  r a i n )  w i th  Geos ta t ionery  Opera t iona l  
Environmental Sa te l l i te  (GOES) p i c t u r e s .  As p a r t  of our  e f f o r t  t o  understand p o l l u t i o n  i n  t h e  lower atmosphere and t h e  
r o l e  man's a c t i o n s  may have,  w e  observed a g r e a t e r  than  expected s ea sona l  v a r i a t i o n  of  a tmospheric  ammonia pos s ib ly  due 
t o  t h e  s p r i n g  a p p l i c a t i o n  of f e r t i l i z e r s .  I f  s o ,  man's ac t iv i t ies  may be  a major sou rce s  of t h i s  important  t r oposphe r i c  
chemical  and could a f f e c t  t h e  g l o b a l  budget of f i x e d  n i t rogen .  

Work i s  con t inu ing  wi th  t h e  Environmental P r o t e c t i o n  Agency i n  
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NASA i s  con t inu ing  t o  develop ,  w i t h  t h e  Na t iona l  Oceanic and Atmospheric Adminis t ra t ion  (NOAA), u n i f i e d  n a t i o n a l  
sa te l l i t e  c a p a b i l i t i e s  f o r  observ ing  winds, tempera ture  p r o f i l e s ,  sea s u r f a c e  tempera ture ,  and o t h e r  me teo ro log ica l  
parameters  on  an  o p e r a t i o n a l  b a s i s .  As p a r t  of  ou r  con t inu ing  suppor t  t o  NOAA, t h e  NOAA-C sa te l l i t e  i s  be ing  prepared 
f o r  launch  i n  May 1981 t o  r e p l a c e  TIROS-N. TIROS-N h a s  exceeded i t s  des ign  l i f e  and a long wi th  NOAA-A h a s  v e r i f i e d  t h e  
u t i l i t y  of t h i s  new series of o p e r a t i o n a l  me teo ro log ica l  sa te l l i tes .  

Use of remote sens ing  t o  s tudy  t h e  ocean i s  proceeding wi th  t h e  a n a l y s i s  of  d a t a  from t h e  Geodynamic Experimental 
Ocean Satellite (GEOS), t h e  ocean dynamic sa te l l i t e  ( S e a s a t ) ,  and t h e  oceanographic and a i r  p o l l u t i o n  moni tor ing  
sa te l l i t e  (Nimbus). Seasat and Nimbus d a t a  have v e r i f i e d  our a b i l i t y  t o  observe from space key f e a t u r e s  of t h e  ocean 
such as  s u r f a c e  winds, sea s u r f a c e  tempera ture ,  s u r f a c e  waves, c h a r a c t e r i s t i c s  of  sea ices  and ocean c o l o r .  Based on 
t h i s  c a p a b i l i t y  w e  are proceeding wi th  NOAA and DOD i n  t h e  development of t h e  Na t iona l  Oceanic Satel l i te  System 
(NOSS). In a d d i t i o n ,  ou r  r e s e a r c h  a c t i v i t y  w i l l  focus  on t h e  problem of de termining  t h e  g e n e r a l  c i r c u l a t i o n  of t h e  
oceans through t h e  use  of sa te l l i tes  t o  measure ocean topography. A major emphasis w i l l  b e  on j o i n t  experiments  w i th  
t h e  academic community, t h e  Na t iona l  Sc ience  Foundation,  and o t h e r  agenc ie s  t o  s tudy t h e  fundamental p roces ses  involved 
i n  and measured by remote sens ing  t o  f u r t h e r  our  unders tanding  of ocean phys i c s  and observational.techniques. I n  
a d d i t i o n ,  t h e  a s s i m i l a t i o n  of  remote d a t a  and t h e  r e s u l t i n g  impact on ocean and weather f o r e c a s t  models w i l l  be  s t u d i e d .  

As p a r t  of  t h e  climate a c t i v i t y ,  we have progressed  i n  t h e  development of i n s t rumen t s  f o r  t h e  Earth Radia t ion  Budget 
Experiment (ERBE) which w i l l  f l y  i n  1983 on NOAA-F and on t h e  Ear th  Radia t ion  Budget Sa te l l i te  (ERBS), and i n  1985 on 
NOAA-G. This  schedule  p rov ides  t h e  ove r l ap  needed t o  extend t h e  d a t a  b a s e  and permi t  an  a n a l y s i s  of t h e  d i u r n a l  
v a r i a b i l i t y  of  t h e  e a r t h  r a d i a t i o n  f i e l d .  Ins t ruments  of  similar des ign  on Nimbus 6 and 7 have a l r e a d y  measured g l o b a l  
r a d i a t i o n  p a t t e r n s  i n  a l i m i t e d  way. Evidence c o l l e c t e d  s i n c e  1976 from Nimbus, t h e  Solar  Maximum Mission and sounding 
r o c k e t s  sugges t s  t h a t  t h e  " s o l a r  cons tant"  i s  more v a r i a b l e  bo th  i n  magnitude and f requency,  t h a n  p rev ious ly  be l ieved .  

I n  FY 1982, s i g n i f i c a n t  advances w i l l  b e  made i n  p repa r ing  f o r  f u t u r e  s a t e l l i t e  obse rva t ions  of bo th  t h e  atmosphere 
and t h e  ocean. NOSS w i l l  move i n t o  a development phase w i th  in s t rumen t ,  ground system and s a t e l l i t e  d e t a i l e d  des ign .  
The ins t rument  des ign  and development, ground d a t a  handl ing  f a c i l i t y  des ign ,  and miss ion  d e f i n i t i o n  f o r  t h e  p o t e n t i a l  
upper atmospheric  r e sea rch  sa te l l i t e  mis s ions  w i l l  b e  i n i t i a t e d  i n  t i m e  f o r  a f i r s t  l aunch  i n  t h e  f a l l  of 1986. 
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Upper Atmospheric Research Program 

1981 1982 
1980 Budget Current Budget - 

Actual Estimate E s t i m a t e  Estimate 
(Thousands of D o l l a r s )  

Research support....................................... 10,900 12,400 12,400 13,700 
Upper a tmospher ic  r e s e a r c h  b a l l o o n  program............. 1,000 1,100 1,100 1,300 
Spacelab payload definition............................ 500 --- --- --- 

Total................................................ 12,400 13,500 13,500 15,000 

OBJECTIVES AND STATUS: 

The upper a tmospher ic  r e s e a r c h  program w a s  formulated i n  compliance wi th  a Congress ional  mandate t o  NASA t o  develop 
and implement a comprehensive program of r e s e a r c h ,  technology, and moni tor ing o f  t h e  phenomena of t h e  upper 
atmosphere. 
pethods  needed t o  main ta in  i t s  chemical  and p h y s i c a l  i n t e g r i t y .  

The r e s u l t i n g  program i s  aimed a t  improving b a s i c  s c i e n t i f i c  unders tanding of t h e  upper atmosphere and 

I n  p a r t i c u l a r ,  t h e  g o a l  of t h e  program i s  t h e  improved p r e d i c t i o n  o f  man's impact upon t h e  ozone l a y e r  and t h e  e f f e c t s  
of changes i n  t h e  upper atmosphere upon our  environment. I n  o r d e r  t o  accomplish t h i s ,  e f f o r t s  a r e  underway: (1) t o  
improve upper a tmospher ic  models, v a l i d a t e  them, and a s s e s s  t h e i r  u n c e r t a i n t i e s ;  ( 2 )  t o  measure minor chemical  
c o n s t i t u e n t s ,  temperature ,  and r a d i a t i o n  f i e l d s ;  (3)  t o  develop s e n s o r s  capab le  of remotely  sens ing  a l l  a s p e c t s  of t h e  
upper atmosphere from spa,ce; (4) t o  assemble and main ta in  t h e  e x i s t i n g  long- term d a t a  base  of s t r a t o s p h e r i c  ozone 
measurements and long t ime- scale  n a t u r a l  v a r i a t i o n s  i n  o r d e r  t o  d e t e c t  man-made ozone changes;  and (5) t o  c a r r y  o u t  
l a b o r a t o r y  k i n e t i c s  and spect roscopy s t u d i e s  t o  suppor t  t h e s e  a c t i v i t i e s .  

Recent l a b o r a t o r y  k i n e t i c s  s t u d i e s  have provided improved d a t a  f o r  t h e  photochemical  models which a r e  used t o  p r e d i c t  
ozone d e p l e t i o n  by chlorof luoromethanes  and o t h e r  compounds c o n t a i n i n g  c h l o r i n e  and bromine. 
a d d i t i o n a l  i n s i g h t  on t h e  r o l e  of bromine ( important  i f  t h e  c o n c e n t r a t i o n  i n  t h e  upper atmosphere should i n c r e a s e ) ,  t h e  
r o l e  o f  temporary s i n k s ,  and t h e  chemis t ry  of t h e  r a d i c a l  H 0 2 .  
ch lo rof luorocarbons  11 and 12 a t  t h e  1977 rate p r e d i c t  about  10 p e r c e n t  ozone d e p l e t i o n  a t  s t e a d y  state. However, t h i s  
v a l u e  would i n c r e a s e  by about  one- third  i f  t h e  r e l e a s e s  of o t h e r  man-made ch lo r ine- con ta in ing  compounds con t inue  a t  
p r e s e n t  levels. Recent r e s u l t s  from two-dimensional models on s t r a t o s p h e r i c  ozone p e r t u r b a t i o n  i n v e s t i g a t i o n s  serve t o  

These d a t a  have added 

Current  models o f  t h e  impact of cont inued r e l e a s e  of 
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e l a b o r a t e  on t h e  s e a s o n a l  and l a t i t u d i n a l  v a r i a t i o n s  i n  t h e  ozone change. Severa l  new i n s t r u m e n t s  which w i l l  b e  u s e f u l  
i n  meeting our  o b j e c t i v e s  r e l a t e d  t o  t h e  g l o b a l  c l imatology of ozone and key n i t r o g e n ,  hydrogen and c h l o r i n e  species i n  
t h e  upper atmosphere have been developed and t e s t e d .  
measurements of t r a c e  a tmospher ic  c o n s t i t u e n t s  such a s  t h e  high speed i n t e r f e r o m e t e r ,  t h e  laser heterodyne rad iomete r ,  
t h e  b rassboard  v e r s i o n  o f  t h e  Halogen O c c u l t a t i o n  Experiment (HALOE), new resonance f l u o r e s c e n c e  ins t ruments ,  and a h igh  
r e s o l u t i o n  f a r  i n f r a r e d  emission spec t romete r .  An e x t e n s i v e  workshop t o  a s s e s s  t h e  s t a t u s  of t h e  ozone d e p l e t i o n  
problem i s  planned f o r  Apr i l  1981. 

mese i n c l u d e  ins t ruments  developed f o r  i n  s i t u  and remote 

The b a l l o o n  suppor t  program prov ides  f o r  approximately  45 d i r e c t  and remote a tmospher ic  measurements i n  t h e  a l t i t u d e  
range up t o  about 4 5  ki lomete r s .  

BASIS FOR FY 1982 HSTIMATJ3: 

During FY 1982, NASA w i l l  con t inue  t h e  assessment  and e v a l u a t i o n  of man-made and n a t u r a l  p e r t u r b a t i o n s  of t h e  
s t r a t o s p h e r i c  ozone l a y e r .  The development of models (one-, two- and th ree-d imens iona l )  which couple  r a d i a t i v e ,  
dynamic, and chemical  p rocesses  w i l l  con t inue ;  t h e  conf i rmat ion  of chemical  mechanisms by s imul taneous  measurements of 
s t r a t o s p h e r i c  t r a c e  s p e c i e s  us ing  mul t i sensor  p la t fo rms  w i l l  b e  extended;  improvements i n  t h e  l a b o r a t o r y  k i n e t i c s  and 
spec t roscopy  d a t a  base  w i l l  be  sought ;  and new and improved t echn iques  w i l l  be  developed f o r  d e t e c t i n g  a d d i t i o n a l  t r a c e  
species and remotely  measuring winds. There w i l l  be  inc reased  emphasis on t h e  a n a l y s i s  of sa te l l i t e  d a t a  sets (Nimbus 
-6, -7 and S o l a r  Mesospheric Exp lore r ) ,  and t h e r e  w i l l  b e  a modest expansion o f  t h e  r e s e a r c h  program i n t o  t h e  mesosphere 
because knowledge of  t h e  coupl ing between t h e  mesosphere and t h e  s t r a t o s p h e r e  i s  necessa ry  f o r  unders tanding t h e  complex 
i n t e r a c t i o n s  among r a d i a t i o n ,  chemis t ry ,  and dynamics i n  t h e  upper atmosphere, and t h e  r e l a t i o n s h i p  between s o l a r  
v a r i a t i o n s  and t e r r e s t r i a l  weather and climate. 

The b a l l o o n  program w i l l  be  cont inued a t  a l e v e l  of approximately  45 f l i g h t s  pe r  year  and w i l l  provide  key 
measurements of t h e  photochemically a c t i v e  t r a c e  s p e c i e s  important  i n  t h e  s t r a t o s p h e r i c  ozone balance.  These b a l l o o n  
f l i g h t s  p rov ide  t h e  p r i n c i p a l  c a p a b i l i t y  i n  our  v a l i d a t i o n  of t h e  photochemistry program. 
f o r  ins t rument  c a l i b r a t i o n  and in tercomparisons  of d i f f e r e n t  measurement techniques .  Atmospheric dynamics s t u d i e s  us ing  
a i r c r a f t  and super- pressure  b a l l o o n s  a s  sensor  p la t fo rms  w i l l  b e  i n i t i a t e d .  These p la t fo rms  provide  t h e  b e s t  methods 
f o r  s tudy ing  s t r a t o s p h e r i c- t r o p o s p h e r i c  in te rchange  and t o  determine how l a r g e  a i r  masses a r e  exchanged between 
hemispheres.  S t u d i e s  f o r  f u t u r e  ins t ruments  w i l l  con t inue  p rogress  toward developing spaceborne a c t i v e  and p a s s i v e  
measurement c a p a b i l i t i e s  t o  provide  t h e  g l o b a l  d a t a  on t r a c e  species, dynamic p r o c e s s e s ,  and meteoro log ica l  parameters  
needed i n  unders tanding t h e  atmosphere. 

Balloon f l i g h t s  a l s o  provide  
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Applied Research and Data Analys i s  (Environmental Observat ion)  

1981 1982 
1980 Budget Current  Budget 

Actual E s t  i m a  t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Applied r e s e a r c h  and d a t a  a n a l y s i s  i n :  

S t r a t o s p h e r i c  a i r  q u a l i t y  .......................... 3,980 5,000 
Troposheric  a i r  quality........................ ..... 4,260 4,600 
Global  weather ( i nc lud ing  CARP)....... 10,340 11,100 
Severe storms....................................... 5,100 5,400 
Ocean processes..................................... 14,605 15,200 
C l i m a t e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7,975 8,600 
Nat iona l  oceanic  s a t e l l i t e  system 

(NOSS) defintion.................................. 2,310 --- 

.............. 
4,800 6,200 
4,400 5,900 

10,500 13,100 
5,200 7,400 

15,200 16,600 
8,000 7,300 

Total............................................. 48,570 49,900 48,100 56,500 

OBJECTIVES AND STATUS: 

The a p p l i e d  r e s e a r c h  and d a t a  a n a l y s i s  (AR&DA) ac t iv i t i e s  w i th in  t h e  environmental  obse rva t i on  program comprise a c o r e  
of e f f o r t  which i s  fundamental t o  t h e  a p p l i c a t i o n  of space  technology t o  t h e  Nation's p r e s s ing  environmental  concerns.  
Atmospheric programs i n c l u d e  g l o b a l  weather ,  severe storms and l o c a l  weather ,  and s t r a t o s p h e r i c  and t roposphe r i c  a i r  
q u a l i t y .  Ocean p roces se s  r e s e a r c h  i nc ludes  g e n e r a l  oceanic  c i r c u l a t i o n ,  air-sea i n t e r a c t i o n s ,  c o a s t a l  water s t u d i e s ,  
sea and g l a c i e r  i c e  s t u d i e s  and marine boundary l a y e r  s t u d i e s .  A c l i m a t e  program enab l e s  s p e c i a l  f o rmu la t i on  and s tudy  
of space- derived d a t a  t h a t  w i l l  i n t e r r e l a t e  t h e  phys i c s ,  dynamics, chemis t ry  and r a d i a t i o n  ba l ance  of t h e  atmosphere and 
t h e  oceans i n  o rde r  t o  understand b a s i c  cl imate s e n s i t i v i t i e s  and t o  s tudy  t h e  requi rements  f o r  a space  monitor ing 
system. 

AR&DA program o b j e c t i v e s  are t o  s t udy  t roposphe r i c  and s t r a t o s p h e r i c  chemical  composi t ion and p o l l u t i o n ;  t o  model t h e  
r a d i a t i v e  budget  of our  p l a n e t ;  t o  improve numerical  weather p r e d i c t i o n ;  t o  de te rmine  t h e  morphology of l i g h t n i n g  and 
s e v e r e  s torm occur rence ;  and t o  develop and demonstrate  a c a p a b i l i t y  f o r  remotely s ens ing  near- sur face  p r o p e r t i e s  of t h e  
ocean and t o  relate t h e s e  p r o p e r t i e s  t o  c h a r a c t e r i s t i c s  i n  bo th  t h e  atmosphere above and ocean below t h e  air-sea 
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i n t e r f a c e .  To s tudy  c l i m a t e ,  NASA t a k e s  a long- term p e r s p e c t i v e  of t h e  phenomena of t h e  atmosphere and oceans w i t h  t h e  
o b j e c t i v e  of d e f i n i n g  t h e  d a t a  r equ i rements ,  and i n t e r p r e t i n g  t h e  g l o b a l  d a t a  set obta ined from spaceborne p la t fo rms .  
Such d a t a  are v i t a l  t o  t h e  development o f  a long- term p r e d i c t i v e  c a p a b i l i t y .  Each element o f  t h e  program s u p p o r t s  t h e  
development and demonstra t ion of remote sens ing  technology; t h e  development of a lgor i thms  t o  e x t r a c t  geophys ica l  
parameters  from remotely acqu i red  d a t a ;  s u b o r b i t a l  and ground-based exper iments  t o  measure fundamental p r o p e r t i e s  and 
p rocesses  of t h e  environment and provide  a b a s e  f o r  remote sensor  development; fundamental r e s e a r c h  i n t o  t h e  p r o c e s s e s  
a t  work i n  t h e  environment;  and t h e  development o f  models which e x p r e s s  t h e  c u r r e n t  unders tanding of a l l  o r  p a r t  of t h i s  
system and provide  a p r e d i c t i v e  c a p a b i l i t y  f o r  key environmental  parameters .  

AMDA a c t i v i t i e s  c o n s i s t  o f  a comprehensive, i n t e g r a t e d  program of r e s e a r c h ,  technology,  development, environmental  
measurement and i n t e r p r e t a t i o n ,  user- oriented c o o p e r a t i v e  demonstra t ion p r o j e c t s ,  and technology t r a n s f e r .  In  t h e  AR&DA 
program, concep t s  are developed f o r  advanced s e n s o r s  and ins t ruments  f o r  demonstra t ion;  advanced s t u d i e s  a r e  conducted 
f o r  t h e  d e f i n i t i o n  o f  new systems and miss ions ;  and suppor t  is  provided f o r  t h e  t r a n s f e r  of new technology t o  t h e  u s e r  
community. 

Our s t u d i e s  i n  s t r a t o s p h e r i c  a i r  q u a l i t y  emphasize a c c u r a t e  measurements and comprehensive ozone ana lyses .  An 
i n t e r n a t i o n a l  rocketsonde in tercomparison of several d i f f e r e n t  s e n s o r s  measuring ozone has  been s u c c e s s f u l l y  completed 
r e c e n t l y .  Severa l  s e n s o r s  from t h e  United S t a t e s ,  I n d i a ,  Canada and A u s t r a l i a  have been compared t o  e s t a b l i s h  t h e i r  
accuracy and p r e c i s o n  i n  o r d e r  t o  p rov ide  "ground t r u t h"  t e s t i n g  of t h e  sa te l l i t e  systems. Analys is  of t h e  
in te rcompar i son  w i l l  b e  extended. The Nimbus-4 Backsca t t e r  U l t r a v i o l e t  (BUV) d a t a ,  c o l l e c t e d  dur ing  i t s  l i fe t ime (1970- 
1977) ,  i s  be ing  analyzed and made a v a i l a b l e  t o  t h e  s c i e n t i f i c  community a s  an i n i t i a l  sa te l l i t e  d a t a  b a s e  f o r  g l o b a l  
ozone c l ima to logy  t o  complement t h e  ground Dobson network d a t a  base.  Fur the r  s a t e l l i t e  d a t a  from t h e  s o l a r  mesospheric 
e x p l o r e r  (SME) , from t h e  Nimbus-7 Scanning Backsca t t e r  U l t r a v i o l e t  and T o t a l  Ozone Monitoring Spectrometer (SBUV/TOMS) , 
and from t h e  Nimbus-7 Limb I n f r a r e d  Monitor of t h e  S t r a t o s p h e r e  (LIMS) experiment a r e  be ing  c o l l e c t e d ,  processed,  and 
i n t e r p r e t e d .  The unders tanding of ozone p rocesses  w i l l  con t inue  t o  be  improved by v a r i o u s  f i e l d  s t u d i e s  t o  b e t t e r  
unders tand f i e l d  s p e c i e s  i n  t h e  c a t a l y t i c  c y c l e s  t h a t  d e s t r o y  ozone and by t h e  development o f  a h i e r a r c h y  o f  models t o  
e x p l a i n  t h e  chemical ,  dynamical and r a d i a t i v e  p rocesses  of t h e  s t r a t o s p h e r e .  

Other a c t i v i t i e s  wi th  t h e  Environmental P r o t e c t i o n  Agency are con t inu ing  as we pursue t h e  a p p l i c a t i o n  of e x i s t i n g  and 
f u t u r e  systems t o  p o l l u t i o n  i n  t h e  lower atmosphere. 
Opera t iona l  Environmental S a t e l l i t e s  (GOES) t o  obse rve  and t r a c k  p o l l u t e d  a i r  masses. We a r e  a l r e a d y  observing r e g i o n a l  
a i r  p o l l u t i o n  ep i sodes  ( t h e  p r e c u r s o r s  of a c i d  r a i n )  wi th  GOES p i c t u r e s .  

One promising technique is  t h e  use  of t h e  Geos ta t ionary  

Over t h e  twenty y e a r s  s i n c e  t h e  launch of t h e  f i r s t  weather s a t e l l i t e ,  NASA h a s  cont inued t h e  development, w i t h  the 
Nat iona l  Oceanic and Atmospheric Admin i s t ra t ion  (NOM), of an i n c r e a s i n g l y  s o p h i s t i c a t e d  complement of s a t e l l i t e  
c a p a b i l i t i e s  f o r  t h e  measurement o f  winds, temperature  p r o f i l e s ,  s e a  s u r f a c e  temperature ,  and o t h e r  me teoro log ica l  
parameters  on a r o u t i n e  o p e r a t i o n a l  b a s i s .  Hurr icanes  and s torm c e l l s  are r o u t i n e l y  t r acked  by images from t h e  GOES 
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s a t e l l i t e s ,  and improved f o r e c a s t s  are us ing  t h e  o p e r a t i o n a l  t empera ture  soundings.  More r e c e n t l y  i n  a j o i n t  e f f o r t  
with NOAA, a p i l o t  c e n t r a l i z e d  s torm informat ion  system h a s  been e s t a b l i s h e d  i n  Kansas City which w i l l  r e c e i v e  weather 
sa te l l i t e  d a t a  f a r  more speed i ly  and improve short- term f o r e c a s t s .  The o b s e r v a t i o n a l  phase of t h e  Global Weather 
Experiment (GWE) h a s  been s u c c e s s f u l l y  completed, t h e  a n a l y s i s  of d a t a  has  begun, and t h e  f i r s t  r e s u l t s  are now 
a v a i l a b l e .  
f o r e c a s t i n g .  This year  we i n i t i a t e d  t h e  purchase  of an advanced v e c t o r  processor  t o  enhance c a p a b i l i t i e s  t o  assess t h e  
GWE d a t a  and t o  provide  improved model f o r e c a s t s  i n  t h e  weather ,  c l i m a t e  and upper atmosphere programs. Laboratory 
s t u d i e s  and model improvements con t inue  i n  several areas such as  thunderstorm p r e d i c t i o n .  New ins t ruments  are a l r e a d y  
under development w i th  NASA suppor t  t o  f u r t h e r  improve o p e r a t i o n a l  weather s a t e l l i t e  c a p a b i l i t i e s .  

"bo independent  a n a l y s e s  of  t h e  GWE d a t a  conf i rm t h e  power of s a t e l l i t e  obse rva t i ons  i n  numerical  

We have completed t h e  groundwork r equ i r ed  t o  implement a number of ac t iv i t i e s  t o  meet o b j e c t i v e s  f o r  oceanic  
o p e r a t i o n a l  obse rva t i ons  and de t e rmina t i on  of  ocean c i r c u l a t i o n .  Seasat d a t a  ha s  demonstrated t h a t  s ca t t e rome te r  
obse rva t i ons  enab l e  space  mapping of t h e  d e t a i l e d  s t r u c t u r e  of t h e  ocean s u r f a c e  wind f i e l d s ,  i nc lud ing  atmospheric  
f r o n t s  and typhoons. Altimeter obse rva t i ons  enab l e  mapping of s u r f a c e  waves and c i r c u l a t i o n  f e a t u r e s  such as  t h e  Gulf 
S t r e a m  and mesoscale  eddies .  Microwave rad iometer  obse rva t i ons  enable  mapping of t h e  c h a r a c t e r i s t i c s  of sea ice. Color 
scanner  obse rva t i ons  enab l e  mapping of ch lo rophy l l  concen t r a t i on .  Taken c o l l e c t i v e l y ,  t h e s e  obse rva t i ons  w i l l  h e lp  
enable  t h e  de t e rmina t i on  of t h e  gene ra l  c i r c u l a t i o n  of t h e  oceans--both t h e  wind-driven and geos t roph ic  components-- 
along  w i th  sea i c e  coverage and primary b i o l o g i c a l  p r o d u c t i v i t y  i n  t h e  oceans.  

CHANGES FBan FY 1981 BUDGET ESTIMATE: 

The r e d u c t i o n  of $1.8 m i l l i o n  i n  FY 1981 r e s u l t s  from an  o v e r a l l  Congressional  r educ t i on  i n  t h e  NASA a p p r o p r i a t i o n  
r eques t .  

BASIS OF FY 1982 ESTIMATE: 

In M 1982, r e s e a r c h ,  technology and d a t a  a n a l y s i s  w i l l  b e  performed i n  t h e  areas of s t r a t o s p h e r i c  and t roposphe r i c  
a i r  q u a l i t y ,  g l o b a l  weather ,  s eve re  s torms ,  and oceanic  and climate p roces se s ,  e s p e c i a l l y  where t hey  r e s u l t  i n  
assessments  and improve s h o r t  and medium range weather f o r e c a s t s .  Laboratory,  f i e l d ,  and advanced s t u d i e s  w i l l  add re s s  
our  s p e c i f i c  o b j e c t i v e s  which are t o :  (1) o b t a i n  g l o b a l  c l imato logy  of ozone and key n i t r o g e n ,  hydrogen, and c h l o r i n e  
s p e c i e s  in t h e  upper atmosphere; ( 2 )  develop a longer- term monitor ing s t r a t e g y  f o r  t he  upper atmosphere; (3)  
o p e r a t i o n a l l y  c h a r a c t e r i z e  t h e  dynamics of r e g i o n a l  a i r  p o l l u t i o n  ep i sodes ;  ( 4 )  improve o p e r a t i o n a l  weather s a t e l l i t e  
c a p a b i l i t i e s ;  (5)  i n c r e a s e  f o r e c a s t  u se fu lnes s  of  space  de r ived  meteorology; ( 6 )  s i g n i f i c a n t l y  improve our  unders tanding  
of s eve re  s torms;  (7) improve our  s torm f o r e c a s t i n g  c a p a b i l i t y ;  and (8) suppor t  t h e  Nat iona l  C l i m a t e  Program (PL 95-367) 
through s t u d i e s  r e l a t e d  t o  t h e  Ear th  r a d i a t i o n  budget  cl imate model developments and s p e c i a l  s t u d i e s .  
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I n  N 1982, t h e  s t r a t o s p h e r i c  a i r  q u a l i t y  program w i l l  con t inue  t o  focus  on ozone p e r t u r b a t i o n s .  Key modeling and 
a n a l y s i s  e f f o r t s  and advanced ins t rument  and t echn ique  development f o r  f i e l d  and l a b o r a t o r y  s t u d i e s  w i l l  be  
maintained.  P r e p a r a t i o n s  f o r  t h e  f l i g h t s  o f  HALOE, ATMOS, and o t h e r  advanced s e n s o r s  w i l l  con t inue  so a s  t o  provide  
e s s e n t i a l  o b s e r v a t i o n s  o f  t h e  complex chemis t ry  o f  c h l o r i n e .  
t h e  Upper Atmospheric Research Sate l l i te  Experiments (UARSE) a c t i v i t y .  This group o f  ins t ruments  w i l l  p rov ide  a 
c r i t i c a l  g l o b a l  d a t a  set f o r  s tudy ing  t h e  i n t e r a c t i o n  among chemist ry ,  r a d i a t i o n  and dynamics of t h e  upper atmosphere. 
Research u t i l i z i n g  d a t a  t o  b e  ob ta ined  from t h e  S h u t t l e  Atmospheric Trace  Molecules by Spectroscopy (ATMOS) ins t rument  
w i l l  p rovide  e s s e n t i a l  b a s e l i n e  Observat ions  from which f u t u r e  a tmospher ic  m o d i f i c a t i o n s  can be  measured. 

System s t u d i e s  and ins t rument  developments con t inue  f o r  

For t h e  t ropospher ic  a i r  q u a l i t y  program, t h e  FY 1982 a c t i v i t i e s  w i l l  i n c l u d e  development of numerical  p o l l u t i o n  
models, comparisons of r e g i o n a l  model p r e d i c t i o n s  wi th  remote sensing r e s u l t s ,  s t u d i e s  of key r e a c t i o n  rates,  and 
development o f  act ive and p a s s i v e  remote s e n s o r s  ( i n c l u d i n g  v a r i a b l e  wavelength l i d a r  sys tems) .  This funding w i l l  
permit  p a r t i c i p a t i o n  i n  t h e  j o i n t  NASAIEPA s t u d i e s  of p o l l u t i o n  e s p i s o d e s  and development of a i r c r a f t  ins t rumenta t ion  
f o r  j o i n t  NASA/NSF g l o b a l  atmospheric measurements. 
r e g i o n a l  a i r  p o l l u t i o n  models through d a t a  ga the red  i n  1982 f i e l d  programs, d e f i n e  advanced microwave sensors  f o r  
temperature ,  p r e s s u r e ,  and mois tu re  p l u s  a laser ins t rument  f o r  t h e  measurement o f  t r a c e  c o n s t i t u e n t s  from space,  and 
develop improved temperature ,  mois tu re ,  and trace c o n s t i t u e n t s  r e t r i e v a l  a lgor i thms .  

Through a c t i v i t i e s  i n  t h i s  program, w e  w i l l  be  a b l e  t o  test 

The ac t iv i t i e s  r e l a t e d  t o  weather and s torms w i l l  suppor t  measured p rogress  toward improved o p e r a t i o n a l  observing 
systems, a d d i t i o n a l  uses  of e x i s t i n g  systems and o r d e r l y  t r a n s f e r  of t h o s e  c a p a b i l i t i e s  t o  o p e r a t i o n a l  s e t t i n g s .  In  t h e  
g l o b a l  weather program, development and demonstra t ion o f  temperature ,  mois tu re ,  and p r e s s u r e  sounders  w i l l  be 
maintained.  W E  d a t a  sets w i l l  b e  processed and analyzed,  t h e  d a t a  used i n  t h e  model exper iments  t o  assess t h e  impact 
of sa te l l i t e  d a t a  on f o r e c a s t  models, and t o  i n c r e a s e  o u r  unders tanding of a tmospher ic  phenomena. The r e s e a r c h  program 
on z e r o 4  experiments w i l l  p rovide  in fo rmat ion  on t h e  p h y s i c a l  p rocesses  occur ing  i n  macroscale a tmospher ic  dynamics 
which cannot  b e  achieved by any o t h e r  means. These funds  w i l l  con t inue  e a r l y  s e n s o r  development, and p e r m i t  t h e  proof 
of concept  i n h e r e n t  t o  t h e s e  ins t ruments  as w e l l  as provide  b a s i c  d a t a  on t h e  dynamics of t h e  atmosphere and oceans.  

The N 1982 a c t i v i t i e s  i n  t h e  severe s torms and l o c a l  weather r e s e a r c h  program w i l l  a l low u s  t o  pursue techniques  t o  
improve our  unders tanding of and, u l t i m a t e l y ,  our  a b i l i t y  t o  f o r e c a s t  severe weather even t s .  Ass imi la t ion  t echn iques  
f o r  h igh  r e s o l u t i o n  o b s e r v a t i o n s  w i l l  b e  t e s t e d  whi le  new severe s torm i n d i c a t o r s  such as l i g h t n i n g  w i l l  be  s t u d i e d .  
P rogress  can  b e  expected i n  dopp le r  l i d a r  t echn iques  f o r  t h e  remote measurement of winds. Assessment of t h e  v e r t i c a l  
soundings o f  t empera tu re  and mois tu re  from GOES-4 should  p rov ide  an e v a l u a t i o n  o f  t h e  v a l i d i t y  of t h e  d a t a ,  as  w e l l  as  
an i n d i c a t i o n  of i t s  u t i l i t y  i n  severe weather f o r e c a s t i n g .  Other severe s torm research w i l l  i n c l u d e  e f f o r t s  t o  improve 
t h e  b a s i c  unders tanding of s to rm development and t h e  s p e c i f i c  c o n d i t i o n s  which i n i t i a t e  s to rms ,  to rnadoes ,  and damaging 
downdraf ts ,  and produce d e s t r u c t i v e  cloud- to-ground l i g h t n i n g .  E f f o r t s  i n  t h e  numerical  modeling of s torms and t h e i r  
environments w i l l  b e  suppor ted i n  o r d e r  t o  enhance c a p a b i l i t i e s  i n  computerized f o r e c a s t i n g .  The severe s torms and 
l o c a l  weather research program w i l l  i n c l u d e  s o f t w a r e  development and o p e r a t i o n  suppor t  f o r  t h e  j o i n t  NASAINOAA 
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Cen t r a l i z ed  Storm Informat ion  System (CSIS) program i n  Kansas C i t y ,  d a t a  a n a l y s i s  and modeling f o r  f o r e c a s t i n g  
improvement of t r o p i c a l  cyc lones ,  severe l o c a l  s torms and tornadoes ;  man-computer i n t e r a c t i v e  d a t a  system technique  
development; s to rm s e v e r i t y  i n d i c a t o r  s t u d i e s ;  and a i r c r a f t  doppler  l i d a r  f i e l d  experiments .  

An advanced v e c t o r  p roces so r ,  t o  be  d e l i v e r e d  i n  FY 1982, w i l l  g r e a t l y  improve our  p r e s e n t l y  overtaxed computing 
c a p a c i t y .  'Ihis computer w i l l  enab l e  u s  t o  handle  and assimilate s a t e l l i t e  d a t a  more r a p i d l y  t o  i n i t i a t e  and run more 
rea l is t ic  numerical  weather p r e d i c t i o n  models as w e l l  as suppor t  o t h e r  environmental  obse rva t i on  programs inc lud ing  
c l i m a t e  s e n s i t i v i t y  s t u d i e s  and ocean models. 

I n  FY 1982 our  oceans r e s e a r c h  program w i l l  i n c lude  process ing  Seasa t  d a t a  r e c o r d s  i n t o  f i n a l  geophys ica l  u n i t s  and 
t h e i r  subsequent  a n a l y s i s ;  e v a l u a t i o n  of t h e  performance of X/L/C-band a i r c r a f t  Syn the t i c  Aperture Radar (SAR) i n  
con junc t i on  w i th  t h e  NSF w a r m  Gulf S t r e a m  r i n g s  and c o a s t a l  ocean dynamics exper iments ;  c h a r a c t e r i z a t i o n  of sea i c e  
p r o p e r t i e s  by v a r i o u s  remote sens ing  techniques ;  d e f i n i t i o n  of a l t i m e t r y  dependence on sea s ta te ;  i n v e s t i g a t i o n  of 
photoplankton p r o d u c t i v i t y  a s s o c i a t e d  w i th  phys i ca l  and chemical ocean p r o p e r t i e s  nea r  t h e  Nantucket Shoals  i n  
coopera t ion  w i th  t h e  Nat iona l  Marine F i s h e r i e s  Serv ice ;  ref inement  of t echniques  f o r  a s s i m i l a t i o n  of wind d a t a  from t h e  
s ca t t e rome te r  i n t o  numerical  models; and development of  a sh ipborne  l i d a r  system f o r  b a s i c  s t u d i e s  of  o p t i c a l  
oceanography. The ocean processes  program w i l l  develop techniques f o r  a s s i m i l a t i o n  of s a t e l l i t e  da ta- - espec ia l ly  
s ca t t e rome te r  wind data- - into numerical  models,  and demonstrate  a remote s ens ing  system which w i l l  supply s p e c i f i c  
g l o b a l  oceanographic d a t a  on a r o u t i n e  and r e p e t i t i v e  b a s i s  t o  m e e t  s p e c i f i c  u se r  needs. 

The NASA climate r e s e a r c h  program, o p e r a t i n g  w i th in  t h e  con t ex t  of t h e  n a t i o n a l  c l ima te  program, w i l l  conduct climate 
parameter  s e n s i t i v i t y  s t u d i e s  t o  h e l p  e s t a b l i s h  t h e  requi rements  f o r  g loba l  c l i m a t e  obse rva t i ons ,  w i l l  p rov ide  g l o b a l  
d a t a  sets of  s a t e l l i t e- a c q u i r e d  c l ima te  measurements ( i n i t i a l  emphasis on r a d i a t i o n  budget  parameters)  , and w i l l  u t i l i z e  
climate models i n  o rde r  t o  h e l p  d e f i n e  space  observing systems. Spec i f i c  near- term e f f o r t s  w i l l  i n c lude  q u a n t i t a t i v e  
s t u d i e s  of t h e  e f f e c t s  of c louds  and a e r o s o l s  on cl imate v a r i a t i o n s .  

The augmented d a t a  process ing  c a p a b i l i t i e s  a t  NASA's Goddard Space F l i gh t  Center w i l l  be  u t i l i z e d  f o r  improving 
numerical  climate models,  i nco rpo ra t i ng  t he  r e s u l t s  of c u r r e n t  t h e o r e t i c a l  and exper imenta l  s t u d i e s  of cl imate 
p roces se s ,  i n  o rde r  t o  s imu la t e  t h e  s ea sona l  c y c l e  and i n t e r a n n u a l  v a r i a b i l i t y  of c l ima te .  A number of u n i v e r s i t y  
s c i e n t i s t s  have been s e l e c t e d  t o  p a r t i c i p a t e  i n  c o l l a b o r a t i v e  s t u d i e s  wi th  NASA s c i e n t i s t s  aimed a t  improving t he  models 
needed f o r  t h e s e  s t u d i e s .  
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Shut t l e /Space lab  Payload Development (Environmental  Observat ion)  

1980 
Actual  

Measurement o f  a i r  p o l l u t i o n  from 
sa te l l i t es  (MAPS).................................... 450 

Atmospheric trace molecules  observed by 
spec t roscopy  (A~OS)................................. 4,700 

Atmospheric cloud phys ics  l a b o r a t o r y  (ACPL)............ 3,030 
P r i n c i p a l  i n v e s t i g a t o r  i n s t  rumen t development 

and r e f l i g h t  program................................. 1,420 

Total................................................ 9,600 

1981 1982 
Budget Current  Budget 

E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

100 

600 
700 

3 00 

1,700 

100 

600 
700 

3 00 

1,700 

100 

2,100 --- 
3,600 

5,800 

OBJECTIVES AND STATUS: 

The space  t r a n s p o r a t i o n  system o f f e r s  t h e  o p p o r t u n i t y  f o r  f r e q u e n t ,  s h o r t- d u r a t i o n  f l i g h t s  f o r  ins t ruments  and 
a s s o c i a t e d  experiments.  The environmental  o b s e r v a t i o n  program has  incorpora ted  t h i s  new c a p a b i l i t y  i n  t h e  Spacelab 
payload development ac t iv i t i e s  i n  t h e s e  important  a s p e c t s :  (1) e a r l y  tests, checkout and d e s i g n  ref inement  of remote 
sens ing  ins t ruments  whose u l t i m a t e  use  w i l l  b e  i n  long d u r a t i o n  f r e e- f l y i n g  miss ions ;  (2) shor t- term d a t a  g a t h e r i n g  of 
a tmospher ic  and environmental  in fo rmat ion  f o r  b a s i c  r e s e a r c h  and a n a l y s i s  where long- term o b s e r v a t i o n s  are n o t  n e c e s s a r y  
o r  are i m p r a c t i c a l ;  (3) r e s e a r c h  i n t o  p rocesses  which cannot be  accomplished e f f e c t i v e l y  i n  ground-based l a b o r a t o r i e s .  

The Measurement o f  Air P o l l u t i o n  from S a t e l l i t e s  (MAPS) experiment i s  a g a s  f i l t e r  c o r r e l a t i o n  radiometer  designed t o  
measure t h e  levels o f  t ropospher ic  carbon monoxide and t h e  e x t e n t  of i n t e r h e m i s p h e r i c  mass t r a n s p o r t  i n  t h e  lower 
atmosphere. The ins t rument  h a s  been d e l i v e r e d  t o  KSC and i n t e g r a t e d  i n t o  t h e  OSTA-1 p a l l e t .  Launch i s  scheduled on 
o r b i t a l  f l i g h t  test mission-2 (OFT-2). 

The o b j e c t i v e  o f  t h e  Atmospheric Trace Molecules Observed by Spectroscopy (ATMOS) experiment i s  t o  make d e t a i l e d  
measurements of gaseous  c o n s t i t u e n t s  ( e  .g., hydrogen c h l o r i d e ,  water, a m o n i a ,  methane) i n  the Ear th ' s  atmosphere u s i n g  
t h e  t echn iques  o f  i n f r a r e d  a b s o r p t i o n  spect roscopy.  'Ihe d a t a  w i l l  a l low t h e  de te rmina t ion  of t h e  composi t ional  
s t r u c t u r e  of t h e  upper atmosphere,  i n c l u d i n g  t h e  ozone l a y e r  and i ts  s p a t i a l  v a r i a b i l i t y  on a g l o b a l  s c a l e .  The 
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i n s t rumen t  d e l i v e r y  i s  scheduled f o r  December 1981 w i t h  a planned launch i n  1984. 
completed and t h e  development and q u a l i f i c a t i o n  phase ha s  begun. 

The ins t rument  de s ign  h a s  been 

I n  response  t o  an announcement of oppo r tun i ty ,  a number of p r i n c i p a l  i n v e s t i g a t o r  c l a s s  i n s t rumen t s  w e r e  s e l e c t e d  f o r  
d e f i n i t i o n ,  development,  and r e f l i g h t  as  p a r t  of t h e  Spacelab payloads programs. The experiments  s e l e c t e d  i nc lude  
r e f l i g h t s  of some in s t rumen t s  under development i n  o t h e r  NASA o f f i c e s  f o r  f l i g h t  on t h e  o r b i t a l  f l i g h t  t e s t  series,  
Spacelab-1, and Spacelab-2. These experiments  are: (1) an active c a v i t y  rad iometer  f o r  s o l a r  i r r a d i a n c e  measurements; 
(2) a s o l a r  u l t r a v i o l e t  s p e c t r a l  i r r a d i a n c e  moni tor ;  ( 3 )  an  imaging spec t rome t r i c  obse rva to ry  f o r  trace c o n s t i t u e n t  
measurements; and (4) a photometr ic  imager f o r  l i g h t n i n g  research .  Several f o r e i g n  i n v e s t i g a t i o n s  which are 
complementary t o  NASA programs have been s e l e c t e d ;  funding  i s  provided by t h e  f o r e i g n  agency sponsor ing  t h e  
i n v e s t i g a t o r .  The r e f l i g h t s  and new p r i n c i p a l  i n v e s t i g a t o r  ins t ruments  w i l l  con t inue  t h e  r e s e a r c h  ac t iv i t ies  i n  
atmospheric  chemis t ry ,  s o l a r  i n t e n s i t y  and v a r i a b i l i t y ,  and upper atmospheric  winds. I n  a d d i t i o n ,  s t u d i e s  w i l l  be  
performed on t h e  op t imal  u t i l i z a t i o n  of Syn the t i c  Aperature Radar (SAR) f o r  observing ocean and sea i c e  cond i t i ons .  
F l i g h t  p l a n s  have been delayed one year  due t o  t h e  FY 1981 budget  c o n s t r a i n t s .  

BASIS OF FY 1982 ESTIMATE: 

Measurement of  Air P o l l u t i o n  from S a t e l l i t e s  ( M A P S )  - - FY 1982 funds  w i l l  b e  used t o  suppor t  t h e  s c i e n c e  t e a m  
ac t iv i t i e s  , improved a lgo r i t hm development , and d a t a  r educ t i on .  

Atmospheric Trace Molecules Observed by Spectroscopy (ATMOS) - - t h e  ins t rument  i s  scheduled f o r  d e l i v e r y  t o  JPL i n  
December 1981. Af te r  d e l i v e r y  of t h e  instrument, a v e r i f i c a t i o n  and f a m i l i a r i z a t i o n  program w i l l  b e  conducted by t h e  
experiment  team t o  e s t a b l i s h  b a s e l i n e  c h a r a c t e r i s t i c s  o f  t h e  ins t rument .  Del ivery  of t h e  ins t rument  f o r  S h u t t l e  
i n t e g r a t i o n  i s  expected t o  be  e a r l y  1984 wi th  t h e  i n i t i a l  f l i g h t  i n  1984. 

The P r i n c i p a l  I n v e s t i g a t o r  Instrument  Development/Reflight Program - - The FY 1982 funds  w i l l  a l l ow  t h e  con t inua t i on  
of d e f i n i t i c n  s t u d i e s  f o r  t h e  s o l a r  and terrestrial  atmospheric  spec t rometer  and t h e  atmospheric  gene ra l  c i r c u l a t i o n  
experiment;  development of  t h e  a c t i v e  c a v i t y  rad iometer  11; and r e f l i g h t  of t h e  n igh t ime and dayt ime o r b i t a l  survey  of 
l i g h t n i n g  and t h e  geophys ica l  f l u i d  f low c e l l .  I n  a d d i t i o n ,  f e a s i b i l i t y  s t u d i e s  w i l l  b e  conducted on f a c i l i t y  class 
i n s t rumen t s  f o r  L ight  I n t e n s i f i c a t i o n  De tec t i on  and Ranging (LIDAR), Cryogenic Limb Scanning In t e r f e rome te r  and 
Radiometer (CLIR) , and Atmospheric Microwave Temperature Sounder (AMTS) . 

The FY 1982 funds  w i l l  a l s o  b e  used t o :  (1) suppor t  t h e  f l i g h t s  of S h u t t l e  Imaging Radar f o r  oceanic  and i c e  
a p p l i c a t i o n s ;  (2) s t udy  mod i f i ca t i ons  t o  a Seasa t- class  alt imeter so  t h a t  i t  can  b e  flown on t h e  S h u t t l e  and scanned i n  
t h e  c ro s s- t r ack  mode, and ( 3 )  d e f i n e  t h e  f e a s i b i l i t y  of  adap t ing  t h e  Seasa t- class  s ca t t e rome te r  s o  t h a t  i t  can b e  flown 
on t h e  S h u t t l e  and used i n  t h e  dual- frequency mode f o r  measuring d i r e c t i o n a l  s p e c t r a  of s u r f a c e  waves. 
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Opera t iona l  Satellite Improvement Program (OSIP) 

1981 1982 
1980 Budget Current  Budget 

Actual  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Research and development f o r  improvement f o r  
o p e r a t i o n a l  sa te l l i t e  systems........................ 7,400 9,200 9,200 13,800 

OBJECTIVES AHD STATUS: 

The o b j e c t i v e s  of t h e  o p e r a t i o n a l  s a t e l l i t e  improvement program are t o :  (1) c a r r y  o u t  t h e  r e s e a r c h  and development 
ac t iv i t i e s  which w i l l  provide  advanced s e n s o r s ,  s p a c e c r a f t  subsystems, and ground equipment f o r  t h e  o p e r a t i o n a l  
me teoro log ica l  sa te l l i tes ;  and (2) perform d e f i n i t i o n  s t u d i e s  f o r  i n c o r p o r a t i o n  of use r- dic ta ted  changes which a f f e c t  
t h e  t o t a l  system c o n f i g u r a t i o n  and c a p a b i l i t i e s .  Current  development ac t iv i t i e s  i n c l u d e  t h e  fol lowing:  (1) modifi-  
c a t i o n s  t o  t h e  advanced TIROS-N s p a c e c r a f t  t o  permit  launching from e i t h e r  t h e  S h u t t l e  o r  an  expendable launch v e h i c l e ;  
(2) cont inued o p e r a t i o n  of t h e  V i s i b l e / I n f a r e d  Spin Scan Radiometer (VISSR) Atmospheric Sounder (VAS) aboard GOES-4; 
(3) development o f  t h e  S o l a r  Backsca t t e r  U l t r a v i o l e t  (SBUV) ins t ruments  f o r  moni tor ing of ozone f l u c t u a t i o n s  i n  t h e  
upper atmosphere and f o r  c a l i b r a t i o n  f l i g h t s  aboard t h e  S h u t t l e ;  (4) f u t u r e  o p e r a t i o n a l  c h a r a c t e r i s t i c s  s t u d i e s ;  and,  
(5) m o d i f i c a t i o n  and improvement of d i r e c t  r eadou t  equipment f o r  o p e r a t i o n a l  use.  

The r e s u l t s  from t h e  GOES-4 VAS demonstra t ion experiment have been v e r y  encouraging.  
€ o r  r e s e a r c h  purposes  a t  t h e  U n i v e r s i t y  of Wisconsin and t h e  Goddard Space F l i g h t  Center.  
con t inuous ly  u n t i l  t h e  s p a c e c r a f t  i s  r e q u i r e d  t o  f u l f i l l  i t s  o p e r a t i o n a l  miss ion.  The SBUV c o n t r a c t  was s igned i n  
December 1980 and development i s  now i n  p rocess .  

The d a t a  is  p r e s e n t l y  being used 
Th is  d a t a  can b e  acqu i red  

B B I S  OF FY 1982 EST=: 

The FY 1982 funds  w i l l  p rov ide  f o r  c o n t i n u a t i o n  of t h e  fol lowing major t a s k s :  
s p a c e c r a f t  t o  b e  compatible wi th  t h e -S h u t t l e  and an expendable launch v e h i c l e ;  (2) development of t h e  SBUV ins t rument  t o  
b e  flown on  t h e  p o l a r- o r b i t i n g  s p a c e c r a f t  and t h e  SBUV c a l i b r a t i o n  u n i t  f o r  u n d e r f l i g h t  on t h e  S h u t t l e  ( t h e  c a l i b r a t i o n  
u n i t  i s  be ing  developed under a j o i n t  NASA/SBA program) ; and (3) VAS demonstra t ion,  experiment o p e r a t i o n ,  v a l i d a t i o n  and 
assessment .  "bo act iv i tes  t h a t  w i l l  beg in  i n  FY 1982 are an advanced microwave sounding u n i t  (AMSU) and a d e f i n t i o n  
s t u d y  of t h e  r e q u i r e d  c h a r a c t e r i s t i c s  of t h e  g e o s t a t i o n a r y  s p a c e c r a f t  i n  t h e  post-1990 time-frame. The o b j e c t i v e  of t h e  
new ins t rument  i s  t o  p rov ide  more a c c u r a t e  temperature  and mois tu re  p r o f i l e s  from t h e  p o l a r  o r b i t i n g  s p a c e c r a f t .  The 
d e f i n i t i o n  s t u d y  w i l l  f o c u s  on t h e  a n t i c i p a t e d  requirements  t h a t  w i l l  cause  s i g n i f i c a n t  d e p a r t u r e  from t h e  s p a c e c r a f t  
c o n f i g u r a t i o n  i n  o p e r a t i o n  today. 

(1) m o d i f i c a t i o n  of t h e  TIROS 
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Ear th  Radia t ion  Budget Experiment 

1981 1982 
1980 Budget Current  Budget 

Actual E s t i m a t e  E s t i m a t e  Estimate 
(Thousands of D o l l a r s )  

Spacecraft........................... .................. 5 , 820 4,700 8,800 17,000 
Sensors................................................ 6,600 11,800 9,400 4,100 
Mission o p e r a t i o n s  and d a t a  analysis . . . . . . . . .  .......... 1 , 300 500 2,100 2,900 

24,000 Total................................................ 13,720 17,000 20,300 - 
OBJBCTIBES AND STATUS: 

More s o l a r  energy i s  absorbed by some r e g i o n s  of t h e  Ear th  than  by o t h e r s .  A t  t h e  same t i m e ,  more thermal  energy i s  
r a d i a t e d  i n t o  space  by some r eg ions  t han  o t h e r s .  This  d i f f e r e n t i a l  hea t i ng  i s  thought  t o  be t h e  d r i v i n g  f o r c e  t h a t  sets  
t h e  atmospheric  winds and ocean c u r r e n t s  i n t o  motion s o  as  t o  t r a n s f e r  h e a t  from w a r m e r  areas t o  c o o l e r  areas. The 
excess  i n  t h e  amount of s o l a r  energy absorbed over  t h e  thermal  energy r a d i a t e d  t o  space  c o n t i n u a l l y  changes for any 
g iven  r eg ion ,  depending on t h e  t i m e  of yea r ,  degree  of c loud ines s ,  snow and i c e  cover ,  a tmospheric  d u s t  and a e r o s o l s ,  
and p r o p e r t i e s  and c o n d i t i o n s  of t h e  s u r f a c e .  

The o b j e c t i v e  of t h e  Ear th  Rad ia t i on  Budget Experiment i s  t o  measure t h e  temporal  and s p a t i a l  v a r i a t i o n s  i n  t h e  
r a d i a t i o n  ba l ance  over  t h e  globe.  General agreement e x i s t s  w i th in  t h e  s c i e n t i f i c  community t h a t  t h e  Earth 's  r a d i a t i o n  
budget  must b e  monitored from space  i f  we are t o  g a i n  b a s i c  i n s i g h t s  as t o  r ea sons  f o r  c l i m a t i c  f l u c t u a t i o n s .  

Experimental Ear th  r a d i a t i o n  budget  i n s t rumen t s  have flown on t h e  Nimbus sa te l l i t e s ,  and sampling s t u d i e s  based on 
t hose  experiments  have shown t h a t  adequate  g l o b a l  coverage r e q u i r e s  a m u l t i p l e  s a t e l l i t e  system. They a l s o  i n d i c a t e  t h e  
need f o r  improved c a l i b r a t i o n  of t h e  s enso r s .  The NOAA sa te l l i tes  of t h e  Tiros-N series w i l l  be  flown i n  sun- 
synchronous o r b i t s  equipped w i th  i d e n t i c a l  Ea r th  r a d i a t i o n  budget  i n s t rumen t s  i n  a d d i t i o n  t o  t h e  NOAA ins t rument  
complement. One of t h e  NOAA satell i tes w i l l  have a morning e q u a t o r i a l  passage t i m e ,  whi le  t h e  o t h e r  w i l l  have a mid- 
a f t e rnoon  passage t i m e .  Adequate mid- la t i t ude  and e q u a t o r i a l  coverage r e q u i r e s  a n  a d d i t i o n a l  s a t e l l i t e .  Therefore ,  a 
t h i r d  set of ins t ruments  w i l l  b e  flown on a NASA ded ica t ed  s p a c e c r a f t  i n  a 46O i n c l i n e d  o r b i t  plane.  Each e q u a t o r i a l  
r eg ion  must b e  viewed a t  least  once each month a t  each  hour of t h e  day,  and t h e  o r b i t  a l t i t u d e s  and ins t rument  view 
ang le s  must b e  known t o  permi t  geographic l o c a t i o n  of t h e  radiometer  f o o t p r i n t s .  Together ,  t h e  t h r e e  sa t e l l i t e s  w i l l  
p rov ide  a c c u r a t e  measurements of  t h e  monthly average  r a d i a t i o n  ba l ance  w i th  r e g i o n a l ,  zona l ,  and g l o b a l  r e s o l u t i o n s .  
The planned launch  d a t e s  are 1983 and 1985 f o r  t h e  NOAA s a t e l l i t e s  and 1984 f o r  t h e  NASA ERBE sa te l l i t e .  
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The s c i e n t i f i c  o b j e c t i v e s  and measurement r equ i rements  w e r e  developed by a combined NOAA/NASA/university/industry team 
of s c i e n t i s t s .  These requirements  have been reviewed by a committee of t h e  Na t iona l  Academy of Sciences .  The ERBE 
ins t rument  c o n t r a c t  was awarded t o  TRW l a t e  i n  t h e  4 t h  q u a r t e r  o f  1979, and development has  proceeded s a t i s f a c t o r i l y .  
Both t h e  concep tua l  and p r e l i m i n a r y  d e s i g n  reviews were completed i n  FY 1980. 
e v a l u a t i o n  t e s t i n g  is  planned f o r  t h e  t h i r d  q u a r t e r  of FY 1981, fo l lowed by t h e  c r i t i c a l  d e s i g n  review i n  t h e  f o u r t h  
q u a r t e r  of FY 1981. De l ive ry  of t h e  ERBE ins t ruments  f o r  NOM-F i s  planned f o r  t h e  4th q u a r t e r  of FY 1982. 
Modi f i ca t ions  t o  accommodate t h e  ERBE i n s t r u m e n t s  on NOAA-F are complete,  and i n t e g r a t e d  s p a e e c r a f t  bus  t e s t i n g  w i l l  be  
completed i n  FY 1983. 

The s tar t  of t h e  ERBE eng ineer ing  model 

The c o n t r a c t  f o r  t h e  SAGE I1 ins t rument  which p rov ides  t h e  a e r o s o l  measurements f o r  t h e  Ear th  Rad ia t ion  Budget 
Experiment w a s  awarded t o  B a l l  Aerospace Systems Div i s ion  a t  t h e  end of FY 1980 and eng ineer ing  des ign  is  proceeding 
s a t i s f a c t o r i l y .  The compet i t ive  s e l e c t i o n  p r o c e s s  f o r  t h e  NASA ded ica ted  s p a c e c r a f t  bus ,  Ear th  Rad ia t ion  Budget 
Satel l i te  (ERBS), h a s  been completed and a c o n t r a c t  award t o  t h e  B a l l  Aerospace Systems Div i s ion  i s  expected t o  occur  i n  
t h e  second q u a r t e r  o f  FY 1981. Four meet ings  o f  t h e  ERBE s c i e n c e  team have been conducted and t h e  i n i t i a l  d a t a  
p rocess ing  a l g o r t i t h m s  have been completed. The d i r e c t i o n a l  model a lgor i thms  are c u r r e n t l y  being updated t o  inc lude  t h e  
la tes t  e a r t h  r a d i a t i o n  budget  d a t a  from Nimbus and w i l l  b e  completed i n  t h e  f o u r t h  q u a r t e r  of FY 1981. 

CHANGES FROM FY 1981 BUDGET ESTIMATE: 

The FY 1981 budget estimate f o r  t h i s  p r o j e c t  h a s  been inc reased  by $3.3  m i l l i o n  t o  r e s t o r e  t h e  FY 1980 funds  which 
were r e a l l o c a t e d  t o  Landsat-D i n  FY 1980. This change i n  funding was made p o s s i b l e  because t h e  TIROS-N and NOM-6 
s a t e l l i t e s  have exceeded t h e i r  expected l i f e t i m e s  and t h e  planned launch d a t e s  f o r  t h e  follow-on N O M  s a t e l l i t e s  have 
been delayed.  This i n  t u r n  d e l a y s  t h e  launch r e a d i n e s s  requirement  f o r  t h e  NASA ERBS s p a c e c r a f t  because  of the program 
requirement  f o r  s imul taneous  measurements by t h e  ERBE-instrument-equipped NOAA s p a c e c r a f t  and t h e  NASA s p a c e c r a f t .  

Within t h e  p r o j e c t  a r e d u c t i o n  o f  $2.4 m i l l i o n  w a s  pe rmi t t ed  i n  t h e  estimate f o r  s e n s o r s  because  SAGE 11, which i s  
p a r t  of t h e  ins t rument  set  f o r  t h e  ERBS, was delayed t o  b e  c o n s i s t e n t  wi th  t h e  r e v i s e d  ERBS schedu le ,  and fewer 
t e c h n i c a l  d i f f i c u l t i e s  w i t h  t h e  ERBE ins t rument  were encountered than  had been a n t i c i p a t e d .  The $4.08 m i l l i o n  i n c r e a s e  
f o r  t h e  s p a c e c r a f t  r e f l e c t s  a g r e a t e r  than p r e v i o u s l y  expected c o s t  f o r  t h e  s p a c e c r a f t ;  and t h e  $1.6 m i l l i o n  i n c r e a s e  i n  
miss ion  o p e r a t i o n s  covers  a d d i t i o n a l  a lgor i thm development, a n a l y s i s  f o r  c o n t r o l  c e n t e r  p lanning,  and f u r t h e r  review of 
s p a c e c r a f t  t o  space  t r a n s p o r t a t i o n  system i n t e r f a c e s .  

BASIS OF FY 1982 ESTIMATE: 

FY 1982 fund ing  w i l l  be  used t o  complete t h e  t e s t i n g  and d e l i v e r  t h e  f i r s t  two f l i g h t  model ERBE i n s t r u m e n t s ,  t o  
i n i t i a t e  t h e  i n t e g r a t i o n  of t h e  f i r s t  f l i g h t  ins t rument  on NOAA-F, t o  con t inue  t h e  assembly and t e s t i n g  of t h e  remaining 
f l i g h t  and c a l i b r a t i o n  i n s t r u m e n t s  so t h e y  can b e  d e l i v e r e d  i n  FY 1983, t o  c o n t i n u e  t h e  tes t i 'ng  of t h e  d a t a  p rocess ing  
so f tware ,  t o  complete t h e  d e l i v e r y  of t h e  SAGE I1 ins t rument  and t o  con t inue  t h e  development of t h e  ERBS s p a c e c r a f t  
which w i l l  b e  completed i n  FY 1983. 
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Halogen Occu l t a t i on  Experiment 

1981 1982 
1980 Budget Current Budget 

(Thousands of D o l l a r s )  
E s t i m a t e  Actual E s t i m a t e  E s t i m a t e  

Sensor development...................... ............... 8,000 4,500 4,500 7 , 500 

OBJECTIVES AND STATUS: 

The Halogen Occu l t a t i on  Experiment (HALOE) w i l l  p rov ide  g l o b a l  s t r a t o s p h e r i c  v e r t i c a l  concen t r a t i on  p r o f i l e s  of key 
chemical s p e c i e s  involved i n  t h e  c a t a l y t i c  d e s t r u c t i o n  of ozone due t o  c h l o r i n e  compounds. These measurements w i l l  
assist  i n  e s t i m a t i n g  t h e  d e p l e t i o n  of s t r a t o s p h e r i c  ozone due t o  n a t u r a l  and man-made causes  i nvo lv ing  ch lorof luoro-  
methanes (CFM's). Spec i f i c  o b j e c t i v e s  of HALOE are: (1) t o  monitor g l o b a l l y  t h e  v e r t i c a l  p r o f i l e s  of concen t r a t i ons  of  
s t r a t o s p h e r i c  hydrogen c l o r i d e ,  hydrogen f l o u r i d e ,  water and o t h e r  trace g a s e s  of  importance t o  t h e  c h l o r i n e  chemis t ry ;  
and (2 )  t o  use  t h e  measured d a t a  ( a )  i n  ob t a in ing  h o r i z o n t a l  and v e r t i c a l  maps of g a s  concen t r a t i ons ;  (b)  t o  perform a 
c h l o r i n e  sou rce  a n a l y s i s ;  (c)  t o  v a l i d a t e  chemical  and dynamic models d e s c r i b i n g  t h e  e f f e c t s  o f  CFM's on t h e  ozone 
l a y e r ;  and (d)  t o  a i d  i n  a s s e s s i n g  t h e  ozone d e p l e t i o n  r a t e  due t o  c h l o r i n e  build- up i n  t h e  s t r a t o s p h e r e .  A miss ion  of 
one t o  two y e a r s  w i l l  t a k e  p l a c e  on t h e  Ear th  r a d i a t i o n  budget  experiment (ERBE) miss ion  scheduled f o r  l aunch  i n  1984. 
The p re l im ina ry  de s ign  rev iew was he ld  i n  January 1980, and t h e  c r i t i c a l  de s ign  review w i l l  b e  conducted i n  March 
1981. The s c i e n c e  team w a s  s e l e c t e d  through a n  announcement of  oppo r tun i ty  and i s  now hold ing  meet ings.  A s i n g l e  
brassboard  HALOE ins t rument  ha s  been f a b r i c a t e d  and flown on an a i r c r a f t  i n  1980; r e s u l t s  have been good. The HALOE 
ins t rument  h a s  been removed from Spacelab-3 due t o  i nc r ea sed  c o s t s  a s s o c i a t e d  w i th  a d d i t i o n a l  t e c h n i c a l  requi rements  f o r  
bo th  Spacelab-3 and t h e  ERkE f r e e- f l y e r  mission.  
though d i r e c t  in te rcompar i son  of d a t a  and a lgo r i t hms  wi th  atmospheric  t r a c e  molecule  spectoscopy w i l l  n o t  b e  
accomplished from t h e  same p la t form.  

HALOE's miss ion  o b j e c t i v e  w i l l  no t  be s u b s t a n t i a l l y  a f f e c t e d  even 

BASIS OF FY 1982 ESTTWATE: 

The FY 1982 funds  w i l l  b e  used t o  con t inue  f a b r i c a t i o n  and q u a l i f i c a t i o n  of t h e  engineer ing  and f l i g h t  u n i t s .  The 
engineer ing  u n i t  i s  scheduled f o r  d e l i v e r y  i n  March 1983 fol lowed by t h e  f l i g h t  u n i t  i n  August 1983. Science a c t i v i t i e s  
w i l l  f ocus  on modeling techniques ,  d a t a  process ing  and formats ,  and t h e  d a t a  v a l i d a t i o n  plan.  
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Extended Mission Operat ions  (Environmental Observat ions)  

1981 1982 
1980 Budget Current  Budget 

Actual  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Operat ions  f o r  t h e  Extended Mission o f :  

Nimbus-5, -6, and 7................................. 
S t r a t o s p h e r i c  a e r o s o l  and gas  

experiment (SAGE)................................. 
S o l a r  mesophere e x p l o r e r  (~E)...................... 

Total............................................. 

5,200 

600 --- 

5,800 

7,500 7,500 

8,000 8,000 

8,400 

1,000 
2,000 

11,400 

OBJECTIVES AND STATUS: 

Since t h e  launching of Nimbus-5, -6, and -7 i n  1972, 1975, and 1978, r e s p e c t i v e l y ,  s i g n i f i c a n t  q u a n t i t i e s  of g l o b a l  
d a t a  on sea i ce  coverage,  a tmospher ic  dynamics and chemis t ry ,  t h e  Earth’s r a d i a t i o n  budget ,  ocean temperature  and ocean 
c o l o r  have been gathered.  P re l iminary  e v a l u a t i o n  of t h e  r e s u l t s  h a s  demonstrated t h e  u t i l i t y  of t h e  measurements, and 
t h e  ins t rument  t echn iques  a r e  s t a r t i n g  t o  be  used on o p e r a t i o n a l  s a t e l l i t e s .  Although t h e  u t i l i t y  of t h e  t echn iques  may 
have been demonstrated,  r e d u c t i o n  and v a l i d a t i o n  o f  t h e s e  v a l u a b l e  d a t a  a r e  con t inu ing ,  a s  is t h e  o p e r a t i o n  of t h e  
sa te l l i tes  themselves.  
t a t i o n ,  s o i l  mois tu re ,  snow and i ce  cover ,  t h e  Earth’s r a d i a t i o n  budget ,  a tmospher ic  dynamics, and trace c o n s t i t u e n t  
c o n c e n t r a t i o n s  and d i s t r i b u t i o n .  All c o n t r i b u t e  toward g l o b a l  weather t r e n d  s t u d i e s ,  severe s torm a n a l y s i s  and 
p r e d i c t i o n ,  improved numerical  f o r e c a s t  models and ozone c o n c e n t r a t i o n  t r e n d  a n a l y s i s .  

There i s  a s t r o n g  demand f o r  h i s t o r i c a l ,  c u r r e n t ,  and f u t u r e  d a t a  r egard ing  g l o b a l  p r e c i p i-  

An important  c o n t r i b u t o r  t o  t h e  ozone and a e r o s o l  d a t a  b a s e  i s  t h e  s t r a t o s p h e r i c  a e r o s o l  and g a s  experiment (SAGE) 
sa te l l i t e  launched i n  e a r l y  1979. The measurements by t h i s  s a t e l l i t e  of t h e  s t r a t o s p h e r i c  a e r o s o l  load ing  from t h e  
recent M t .  S a i n t  Helena volcano e r u p t i o n s  are expected t o  c o n t r i b u t e  s i g n i f i c a n t l y  toward our  o v e r a l l  unders tanding of 
t h i s  n a t u r a l  p e r t u r b a t i o n  t o  t h e  s t r a t o s p h e r e  and i t s  p o t e n t i a l  e f f e c t  on  weather and c l ima te .  

In September 1981 t h e  Solar  Mesosphere Explorer  (SME) w i l l  b e  launched and w i l l  s tar t  t o  p rov ide  major i n p u t s  i n t o  o u r  
o v e r a l l  a tmospher ic  parameter d a t a  base .  SME w i l l  beg in  making some of  t h e  s imul taneous  measurements needed t o  start  t o  
unders tand t h e  complex chemical  p rocesses  t a k i n g  p l a c e  i n  t h e  s t r a t o s p h e r e  and mesosphere. 
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BASIS OF FY 1982 ESTIMATE: 

FY 1982 funding  w i l l  suppor t  t h e  o p e r a t i o n ,  a s  w e l l  as  t h e  product ion  and d i s t r i b u t i o n  of  d a t a  from Nimbus and SAGE 
SME sa te l l i t e s .  A ground t r u t h  program f o r  v e r i f i c a t i o n  of SME d a t a  i s  be ing  i n i t i a t e d .  These sa te l l i tes  w i l l  con t inue  
t o  produce an  extremely v a l u a b l e  set  of a tmospheric  and ocean obse rva t i ons  du r ing  t h i s  t i m e  per iod .  
p rovide  a cont inued  g l o b a l  d a t a  set on ozone concen t r a t i ons  which are important  t o  determine n a t u r a l  v a r i a t i o n s  and 
long- term t r e n d s ,  sea s u r f a c e  tempera tures  f o r  real- time o p e r a t i o n a l  u s e s ,  extended e a r t h  r a d i a t i o n  budget  and a e r o s o l  
measurements t o  enhance t h e  i n t e r p r e t a t i o n  from t h e  upcoming ERBE miss ion ,  and c o a s t a l  zone c o l o r  measurements which 
w i l l  b e  used t o  b e t t e r  p r e d i c t  ocean p r o d u c t i v i t y .  
supported.  These i n  s i t u  obse rva t i ons  are e s s e n t i a l  t o  cont inue  t o  v e r i f y  t h e  q u a l i t y  of t h e  obse rva t i ons .  

These obse rva t i ons  

The neces sa ry  c o r r e l a t i v e  ground t r u t h  a c t i v i t y  w i l l  a l s o  b e  
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Nat iona l  Oceanic Satellite System (NOSS) 

1981 1982 
1980 Budget Current  Budget 

Actual  E s t i m a t e  E s t i m a t e  Est imate  
(Thousands of D o l l a r s )  

Spacecraft............................................. --- 2,000 2,000 13,900 

Supporting activities.................................. - --- 600 600 8,700 
Ins t rument  development................................. --- 3,200 3,200 12,000 

Total................................................ - --- 5,800 5,800 34,600 - 
OBJECTIVES AND STATUS: 

The Na t iona l  Oceanic S a t e l l i t e  System (NOSS) i s  a n  in te ragency  p r o j e c t  t o  demonstra te  t h e  c a p a b i l i t y  o f  remote sens ing  
o f  t h e  oceans from space  and t h e  d a t a  p rocess ing  and d i s t r i b u t i o n  necessa ry  t o  meet t h e  o p e r a t i o n a l  in fo rmat iona l  needs  
o f  b o t h  t h e  m i l i t a r y  and c iv i l  sectors- - needs which range  from o p e r a t i o n  of t h e  F l e e t  t o  pet rochemical  e x p l o r a t i o n  t o  
management o f  mar ine  resources .  NOSS w i l l  a l s o  p rov ide  space  obse rva t ions  of ocean c o n d i t i o n s  which are needed t o  
extend t h e  n a t i o n a l  c a p a b i l i t y  t o  p r e d i c t  ocean ic  phenomena and t o  assess t h e i r  i n t e r a c t i o n  wi th  human a c t i v i t i e s .  

Both t h e  Department of Defense and t h e  Department of Commerce r e q u i r e  t ime ly ,  a c c u r a t e  oceanic  in fo rmat ion  on a g l o b a l  
scale. The United S t a t e s  Navy h a s  expressed t h e  need f o r  NOSS d a t a  f o r  t h e  s e l e c t i o n  of o p e r a t i n g  a r e a s ,  damage 
avoidance,  s h i p  r o u t i n g s ,  s t r a t e g i c  submarine o p e r a t i o n s ,  l o g i s t i c  r e supp ly ,  ant isubmarine  war fa re  a c c o u s t i c  pre-  
d i c t i o n s ,  and tac t ica l  s h i p  r o u t i n g s .  The Na t iona l  Oceanic and Atmospheric Admin i s t ra t ion  (NOAA) h a s  expressed t h e  need 
f o r  t h e  same in fo rmat ion  t o  suppor t  such d i v e r s e  ac t iv i t i e s  as: (1) management and conse rva t ion  of marine r e s o u r c e s ;  
( 2 )  t h e  p r e d i c t i o n  o f  weather ;  (3) t h e  p r o t e c t i o n  of l i f e  and p r o p e r t y ;  (4)  t h e  p r e s e r v a t i o n ,  c o n s e r v a t i o n  and develo-  
pment of t h e  Nat ion 's  c o a s t a l  r e s o u r c e s ;  and (5) t h e  p r o v i s i o n  of maps, c h a r t s ,  su rveys ,  and s p e c i a l i z e d  d a t a  f o r  s a f e  
nav iga t ion .  P rov i s ion  o f  g l o b a l  ocean 
c o n d i t i o n s  d a t a  on a t ime ly  b a s i s  w i l l  improve t h e  e f f i c i e n c y ,  s a f e t y ,  and c o s t  of s h i p  o p e r a t i o n s ,  t r a n s p o r t a t i o n ,  o f f -  
s h o r e  o i l  and g a s  e x p l o r a t i o n  and d r i l l i n g  p la t fo rm o p e r a t i o n s ,  mar ine  c o n s t r u c t i o n ,  commercial f i s h i n g ,  p o l l u t i o n  
moni to r ing ,  i ce  moni tor ing,  and marine s e a r c h  and rescue .  

The NOSS d a t a  w i l l  be  e s p e c i a l l y  impor tan t  i n  NOAA weather f o r e c a s t i n g  models. 

The NOSS c a p a b i l i t y  f o r  remotely s e n s i n g  t h e  world 's  oceans  and providing u s e f u l  d a t a  t o  t h e  u s e r  community i n  n e a r  
The vast m a j o r i t y  of t h e  world's oceans l i e  o u t s i d e  commonly t r a v e l e d  

The c a p a b i l i t y  o f  e x i s t i n g  and planned meteoro log ica l  
real-time i s  n o t  a v a i l a b l e  by any o t h e r  means. 
sea lanes and, t h u s ,  are unobserved by conven t iona l  methods. 
satellites t o  measure c h a r a c t e r i s t i c s  of t h e  oceans i s  s e v e r e l y  l i m i t e d .  The c o l l e c t i o n  of g l o b a l  and synop t ic  ocean ic  
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d a t a  by t h e  deployment of  more convent iona l  t echniques  (e.g.,  s h i p s  and buoys) would r e q u i r e  thousands of i n d i v i d u a l  
reinote p la t forms .  Such a technique  would be  p r o h i b i t i v e  bo th  l o g i s t i c a l l y  and monetar i ly .  

The oceanic  f e a t u r e s  t o  b e  observed by NOSS i n c l u d e  d i r e c t i o n a l  wind stress, sea s u r f a c e  topography, i ce  cap  p r o f i l e s ,  
s i g n i f i c a n t  wave h e i g h t ,  d i r e c t i o n a l  wave spectrum, sea ice p a t t e r n s ,  i n t e r n a l  waves, i c e b e r g s ,  sea s u r f a c e  tempera ture ,  
wind speed,  c louds ,  r a i n ,  and ch lo rophy l l .  Ihe s u i t e  of s e n s o r s  r equ i r ed  f o r  t h e s e  obse rva t i ons  i n c l u d e  t h e  s c a t t e r o -  
meter (SCAT), c o a s t a l  zone c o l o r  (CZCS), t h e  l a r g e  an tenna  microwave rad iometer  (LAMMR), and t h e  alt imeter (ALT). NOSS 
w i l l  b e  designed t o  produce d a t a  products  d e s c r i b i n g  t h e s e  f e a t u r e s  wi th  t y p i c a l l y  no more than  a t h r e e  t o  twelve hour 
d e l a y  from a c q u i s i t i o n  of  t h e  d a t a  by t h e  s p a c e c r a f t .  This  w i l l  demonstrate  t h e  c h a r a c t e r i s t i c s  of t h e  d a t a  system t h a t  
u se r  agenc i e s  would r e q u i r e  i n  a f u l l y  o p e r a t i o n a l  system. Mission l i f e t i m e  w i l l  be  s u f f i c i e n t  t o  a l l ow  u s e r  agenc i e s  
t o  e v a l u a t e  f u l l y  t h e  da t a ' s  u t i l i t y  i n  t h e  o p e r a t i o n a l  environment.  

NOSS i s  planned t o  b e  a complete end-to-end oceanic  monitor ing system u t i l i z i n g  b o t h  microwave and o p t i c a l  
oceanographic s enso r s ,  w i th  a ded i ca t ed  ground c o n t r o l ,  d a t a  p roces s ing ,  and d i s t r i b u t i o n  system. The i n i t i a l  NOSS 
s p a c e c r a f t  w i l l  b e  launched us ing  t h e  Space S h u t t l e  i n  1986. 

NOSS i s  a j o i n t l y  de f ined  and funded program. NASA h a s  o v e r a l l  program management r e s p o n s i b i l i t y .  NOAA and DOD are 
r e s p o n s i b l e  f o r  d e f i n i n g  system requi rements ,  d a t a  products  and formats .  
t h e  f ive- year  demons t ra t ion  per iod  which fo l l ows  launch  of t h e  f i r s t  NOSS s p a c e c r a f t .  

NOAA and DOD w i l l  a l s o  o p e r a t e  t h e  NOSS dur ing  

NASA and DOD w i l l  s h a r e  t h e  c o s t  o f  deve loping  and launching  t h e  i n i t i a l  s p a c e c r a f t  and NOAA and DOD w i l l  s h a r e  t h e  
c o s t  of subsequent  l aunches  and s p a c e c r a f t ;  DOD and NOAA w i l l  a l s o  s h a r e  t h e  c o s t  of t h e  d a t a  process ing  and d i s t r i -  
b u t i o n  systems' development and t h e  f i v e  y e a r s  of ope ra t i ons .  Overa l l  program p o l i c y  and guidance f o r  t h e  NOSS program 
i s  provided by a t r i- agency NOSS S t ee r ing  Committee composed of one s e n i o r  r e p r e s e n t a t i v e  from each of t h e  t h r e e  
agenc ies .  S t ee r ing  committee d i r e c t i v e s  and d e c i s i o n s  a re  converted i n t o  implementat ion g u i d e l i n e s  by a t r i- agency 
program management team and, u l t i m a t e l y ,  i n t o  hardware and sof tware  by t h e  t r i- agency  NOSS P r o j e c t  Team l oca t ed  a t  GSFC. 

The a l t e r n a t e  systems concepts  s t u d i e s  f o r  NOSS were begun i n  August 1980 and w i l l  be  completed by May 1981. NOSS 
system development and ope ra t i ons  phase p roposa l s  w i l l  b e  eva lua ted  dur ing  t h e  l a t t e r  p a r t  of FY 1981, followed by a 
c o n t r a c t  i n  e a r l y  N 1982. 

BASIS OF ,Fy 1982 ESTRlATE: 

The FY 1982 estimate w i l l  s uppo r t  t h e  i n i t i a l  funding of t h e  NOSS development and f o r  procurement of t h e  s p a c e c r a f t  
sensors .  S p e c i f i c  ac t iv i t i e s  dur ing  N 1982 involve  i n i t i a t i o n  of  t h e  de s ign  of t h e  s p a c e c r a f t  bus ,  t h e  pr imary 
p roces s ing  f a c i l i t i e s ,  and t h e  s p a c e c r a f t  s enso r s .  Breadboard hardware c i r c u i t s  and subsystems f o r  t h e  s p a c e c r a f t  
s enso r s  w i l l  b e  f a b r i c a t e d  and d e t a i l e d  engineer ing  t e s t i n g  begun. I n  a d d i t i o n ,  geophys ica l  a lgo r i t hm development f o r  
near- real- time convers ion  of t h e  remotely- sensed d a t a  i n t o  r e a d i l y  u seab l e  d a t a  expressed i n  engineer ing  u n i t s ,  which 
began i n  1981, w i l l  b e  cont inued throughout  N 1982 i n  o rde r  t o  suppor t  t ime ly  s p e c i f i c a t i o n ,  de s ign  and development of 
t h e  NOSS ground d a t a  process ing  system. 
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Upper Atmosphere Research Satel l i te  Experiments (UARSE) 

. 1981 1982 
1980 Budget Current Budget 

Actual  E s t i m a t e  Estimate E s t i m a t e  
(Thousands of D o l l a r s )  

Upper atmosphere r e s e a r c h  s a t e l l i t e  exper iments  
and miss ion  definition............................... --- --- --- 20,000 

OBJECTIVE AND. STATUS: 

An Upper Atmosphere Research S a t e l l i t e  (UARS) miss ion i s  t h e  nex t  l o g i c a l  s t e p  i n  NASA's c o n g r e s s i o n a l l y  mandated 
program t o  develop and implement a comprehensive program of r e s e a r c h ,  technology development and moni tor ing of t h e  upper 
atmosphere aimed a t  improving b a s i c  s c i e n t i f i c  unders tanding.  
ments of ozone c o n c e n t r a t i o n ,  c o n c e n t r a t i o n s  of chemical  s p e c i e s  t h a t  a f f e c t  ozone, energy i n p u t s ,  temperature ,  and 
winds i n  t h e  s t r a t o s p h e r e  and mesosphere. It w i l l  extend t h e  measurements o f  ozone, and of a tmospher ic  parameters 
a f f e c t i n g  ozone, t h a t  have been o r  w i l l  have been made by 1986 on Nimbus, SAGE, and HALOE and goes  beyond them t o  
measure key members o f  a l l  important  chemical  f a m i l i e s  (hydrogen, n i t r o g e n ,  c h l o r i n e ,  e t c . )  i n  t h e  upper atmosphere 
s imul taneously  wi th  dynamic parameters  and s o l a r  energy inpu t .  UARS i s  a c r i t i c a l  element i n  NASA's s t r a t o s p h e r i c  
r e s e a r c h  and moni tor ing s t r a t e g y .  It w i l l  p rov ide  t h e  f i r s t  f u l l  d a t a  set  on s t r a t o s p h e r i c  composit ion and dynamics 
t h a t  w i l l  b e  needed when v e r y  d i f f i c u l t  r e g u l a t o r y  d e c i s i o n s  must be  made on f u t u r e  p roduc t ion  of ch lo ro f luorocarbons .  
It w i l l  c o n t r i b u t e  t o  t h e  assessment of t h e  i m p a c t  o f  s t r a t o s p h e r i c  changes on c l i m a t e  and w i l l  p rov ide  d a t a  f o r  a 
f u l l e r  unders tanding o f  t h e  s t r a t o s p h e r e  e s s e n t i a l  f o r  des ign  and implementation of a long t e r m  s t r a t o s p h e r i c  moni tor ing 
s t r a t e g y .  

UARS i s  planned t o  p rov ide  t h e  f i r s t  i n t e g r a t e d  measure- 

On t h e  b a s i s  o f  s t r a t o s p h e r i c  measurement r equ i rements ,  a t e n t a t i v e  s e l e c t i o n  o f  UARS exper iments  h a s  been made. 
These exper iments  draw h e a v i l y  upon t h e  exper ience  de r ived  from earl ier  sa te l l i tes  and sa te l l i t e  exper iments  (e.g. Limb 
I n f r a r e d  Monitoring of t h e  S t r a t o s p h e r e  on Nimbus, and HALOE on ERBS). 
microwave l imb sounders  r e q u i r i n g  advances i n  c ryogen ics  and microwave an tennas  beyond t h e  earl ier  c a p a b i l i t i e s .  F i n a l  
d e s i g n  and development o f  t h e  ins t ruments  f o r  t h e  UARS must b e  i n i t i a t e d  e a r l y  i n  FY 1982 t o  suppor t  t h e  launch of t h e  
f i r s t  UARS i n  1986. A launch t h e n  w i l l  p rov ide  d a t a  coverage of t h e  minimum and ascending phases of t h e  s o l a r  c y c l e  t o  
complement o t h e r  d a t a  (a l though more l i m i t e d )  ob ta ined  a t  t h e  maximum and descending phases.  It w i l l  avoid  a d a t a  gap 
i n  o u r  sa te l l i t e  ozone measurements t h a t  are accompanied by o t h e r  s p e c i e s  measurements. An advanced, i n t e r a c t i v e  ground 
d a t a  hand l ing  f a c i l i t y  d e s i g n  w i l l  a l s o  b e  s t u d i e d  a s  p a r t  o f  t h e  UARSE a c t i v i t y .  This system w i l l  p rov ide  f o r  e a r l y  
r e d u c t i o n  of t h e  UARS d a t a  and t h e i r  wide d i s semina t ion  among t h e  UARS exper imenters  and upper a tmospher ic  t h e o r i s t s  and 
modelers.  

The exper iments  package i n c l u d e s  i n f r a r e d  and 
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BASIS OF FY 1982 ESTIMATE: 

FY 1982 f u n d s  w i l l  b e  used t o  i n i t i a t e  d e s i g n  and development of t h e  i n s t r u m e n t s  s e l e c t e d  f o r  f l i g h t  from among t h o s e  
experiments  t h a t  have been t e n t a t i v e l y  accep ted ,  f o r  miss ion  d e f i n i t i o n ,  and t o  d e f i n e  requirements  f o r  t h e  advanced 
ground d a t a  handl ing  f a c i l i t y  t h a t  w i l l  b e  implemented i n  t h e  UARS program. The i n s t r u m e n t s  are t h e  l o n g e s t  l e a d  t i m e  
e lements  of  t h e  UARS program. Although t h e r e  i s  c o n s i d e r a b l e  t e c h n o l o g i c a l  h e r i t a g e  f o r  t h e s e  ins t ruments ,  t h e i r  con- 
s t r u c t i o n  and t e s t i n g  i n  t i m e  f o r  a 1986 launch r e q u i r e s  i n i t i a t i o n  i n  FY 1982. 

The ground d a t a  handl ing f a c i l i t y  w i l l  i nvo lve  a h i g h e r  l eve l  of i n t e r a c t i o n  among exper imente rs ,  and between 
exper imente rs  and t h e o r e t i c i a n s  t h a n  have p a s t  programs. Implementation of t h i s  concept  r e q u i r e s  t h a t  i t  b e  designed 
e a r l y  i n  t h e  UARSE e f f o r t  s o  t h a t  i n d i v i d u a l  experiments '  d a t a  p rocess ing  subsystems,  i n c l u d i n g  a lgor i thms ,  can  b e  
designed f o r  maximum i n t e r a c t i o n  and e f f e c t i v e n e s s .  Funding f o r  a s tudy  o f  t h e  ground d a t a  handl ing  f a c i l i t y  i s  
inc luded  w i t h i n  t h e  UARSE estimate. 
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Nat iona l  Oceanic Satellite System Research 

1981 1982 
1980 Budget Current Budget 

Actual  Estimate E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Sensor d e f i n i t i o n  and sys tems stl lcl ies. . . . . . . . . . . . . . . . . .  --- --- --- 6,000 

OBTECTIVES AMD STATUS: 

The Na t iona l  Oceanic Satel l i te  System (NOSS) o f f e r s  a unique o p p o r t u n i t y  t o  c o l l e c t  g l o b a l  in fo rmat ion  on ocean ic  and 
a tmospher ic  p rocesses  over  i ts  p r o j e c t e d  f ive- year  l i f e t i m e .  
c e r t a i n  fundamental  r e s e a r c h  q u e s t i o n s ,  whose c h a r a c t e r i s t i c  space  and t i m e  scales r e q u i r e  t h e  g l o b a l  and s y n o p t i c  
coverage and l o n g - d u r a t i o n  d a t a  b a s e  t h a t  o n l y  a l o n g- l i f e  sa te l l i t e  system such a s  NOSS can provide .  
sents a s i n g u l a r  o p p o r t u n i t y  t o  look beyond today's  o p e r a t i o n a l  d a t a  needs  and t o  l a y  t h e  b a s i s  f o r  t h e  f u t u r e  o f  
sa te l l i t e  oceanography. 
s u r f a c e  c o n d i t i o n s  b u t  a l s o  on s c i e n t i f i c a l l y  sound b a s i c  r e s e a r c h  which l i n k s  t h e s e  satel l i te  s i g n a l s  t o  t h e  ocean's  
f u l l  th ree-d imens iona l  s t r u c t u r e  and r e s u l t a n t  behavior .  
r e s e a r c h  purposes ,  w e  will b e  p rov id ing  t h e  b a s i c  r e q u i s i t e  t o o l s  t o  ach ieve  t h i s  c a p a b i l i t y .  

This in fo rmat ion  w i l l  be  of immense v a l u e  i n  address ing  

Thus, NOSS r e p r e-  

The a b i l i t y  t o  f o r e c a e t  n a t u r a l  phenomena is  con t ingen t  no t  on ly  upon "monitoring" p r e s e n t  sea 

In  e x p l o i t i n g  t h e  unique o p p o r t u n i t y  a f f o r d e d  by NOSS f o r  such 

Long-term c l ima to logy ,  c o a s t a l  d i s a s t e r  a v e r s i o n ,  marine t r a n s p o r a t i o n ,  and f i s h i n g  and p o l l u t i o n  assessment  are a few 
of  t h e  areas o f  n a t i o n a l  i n t e r e s t  t o  b e  served by performing b a s i c  r e s e a r c h  u t i l i z i n g  d a t a  acqu i red  by t h e  NOSS space- 
c r a f t .  
bas inwide sea levels,  and t h e  r e s u l t i n g  e f f e c t s  on some of  t h e  world's l a r g e s t  f i s h e r i e s  (e.g., P e r w i a n  anchovy 
f i s h e r y ) .  
avert o r  minimize s h o r t a g e s  o f  human and l i v e s t o c k  food w h i l e  conserving v a l u a b l e  energy r e s o u r c e s .  

As an example, we expect  t o  g a i n  an u n p a r a l l e l l e d  unders tanding o f  t h e  r e l a t i o n  o f  l a r g e- s c a l e  wind f i e l d s  wi th  

Such unders tanding would e v e n t u a l l y  l e a d  t o  t h e  c a p a b i l i t y  t o  f o r e c a s t  r e g i o n a l  f i s h  c a t c h ,  and consequent ly  

FY 1982's act iv i t ies  w i l l  c e n t e r  on developing t h e  c r i t e r i a  and s e l e c t i o n  recommendations f o r  t h e  most a p p r o p r i a t e  
NOSS s p a c e c r a f t  ins t rument  hardware m o d i f i c a t i o n s  and/or  a d d i t i o n s ,  d e f i n i n g  of t h e  needed i n  s i t u  t o o l s  ( s e n s o r s  and 
d a t a  a c q u i s i t i o n  sys tems) ,  and t h e  s e l e c t i o n  o f  d a t a  sets and a n a l y s i s  t echn iques  which must be  implemented i n t o  an 
Ocean Data U t i l i z a t i o n  System (ODUS) s a t i s f y i n g  t h e  n a t i o n a l  oceans r e s e a r c h  needs .  

S p e c i f i c  shor t- term o b j e c t i v e s  are focused on providing a c a p a b i l i t y  f o r  t h e  n a t i o n a l  oceanographic community t o  
e x p l o i t  t h e  p o t e n t i a l  o f f e r e d  by NOSS f o r  address ing  fundamental r e s e a r c h  q u e s t i o n s ,  which i n  t u r n  w i l l  serve a s  t h e  
b a s i s  f o r  address ing  f u t u r e  oceanographic a p p l i c a t i o n s .  Such q u e s t i o n s  invo lve  r e l a t i n g  s c a t t e r o m e t e r  winds t o  wind- 
d r i v e n  c u r r e n t s ;  microwave radiometry  d a t a  t o  a tmospher ic  water vapor ;  and c o l o r  imagery t o  b i o l o g i c a l  p r o d u c t i v i t y  and 
sediment t r a n s p o r t .  
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A s c i e n c e  working group h a s  been formed t o  provide  guidance and adv i ce  as  how b e s t  t o  u t i l i z e  t h e  unique oppor tun i ty  
provided by NOSS. This  group i n t e r f a c e s  w i th  t h e  NOSS program through t h e  NOSS Program Management Team. An ODUS 
subgroup,  working under t h e  s c i e n c e  working group h a s  been e s t a b l i s h e d ,  and i n  conce r t  w i th  o t h e r  agenc i e s  (NSF, 
DOD/ONR, NOAA), is  working t o  d e f i n e  t h e  r e l e v a n t  d a t a  u t i l i z a t i o n  requirements .  Their  f i n a l  r e p o r t  i s  due dur ing  t h e  
summer o f  1981 wi th  some of  t h e  more c r i t i c a l  assessments  and recommendations coming sooner ,  e - g . ,  recommendations on 
t h e  r e sea rch- or i en t ed  mod i f i ca t i ons  t o  t h e  NOSS primary sensor  w i l l  b e  made by e a r l y  1981. Coordinat ion wi th  o t h e r  
agenc i e s  i s  be ing  i n i t i a t e d  re la t ive  t o  t h e  d e f i n i t i o n  and scope of t h e  i n  s i t u  i n s t rumen ta t i on  and ODUS. 

BASIS OF FY 1982 ESTIMATE: 

The major  p a r t  o f  t h e  FY 1982 e f f o r t  w i l l  b e  devoted t o  i n i t i a t i o n  of  t h e  hardware implementat ion of t h e  recommended 
NOSS o p e r a t i o n a l  ins t rument  mod i f i ca t i ons  which, t o g e t h e r  w i th  a d d i t i o n a l  research- or ien ted  i n s t rumen ta t i on ,  w i l l  occupy 
t h e  25 p e r c e n t  c a p a c i t y  of NOSS r e se rved  f o r  r e s e a r c h  purposes.  This  a c t i v i t y  must beg in  no l a t e r  than FY 1982 i n  o r d e r  
t o  avoid impact on t h e  o v e r a l l  NOSS schedule .  As  p r e p a r a t i o n  f o r  t h i s  hardware implementat ion,  s enso r  concept  s t u d i e s  
were i n i t i a t e d  i n  1980, and s e l e c t e d  breadboarding and t e s t i n g  of t h e  more promising concepts  w i l l  have been completed 
by t h e  end of 1981. 

The a d d i t i o n a l  i n s t rumen t s  which complete t h e  r e s e a r c h  payload w i l l  b e  s e l e c t e d  i n  l a t e  1981 and e a r l y  1982, and 
ins t rument  de s ign  and s p e c i f i c a t i o n  s t u d i e s  w i l l  b e  undertaken then.  In a d d i t i o n ,  s t u d i e s  f o r  some of t h e  i n  s i t u  
i n s t rumen ta t i on  (no t ab ly ,  d r i f t i n g  buoys) w i l l  have been completed by 1981, and p re l im ina ry  eng inee r ing  models w i l l  be  
cons t ruc t ed  and t e s t e d  i n  1982. 

D e f i n i t i o n  s t u d i e s  f o r  t h e  remainder of t h e  i n  s i t u  i n s t rumen ta t i on  must beg in  i n  1982 t o  provide  ample oppo r tun i ty  
f o r  them t o  b e  f u l l y  f i e l d- t e s t e d  and deployed t o  a l l ow  u t i l i z a t i o n  a t  t h e  t i m e  of NOSS launch.  

The hardware, so f twa re  and systems s t u d i e s  neces sa ry  f o r  t h e  development of  t h e  ocean d a t a  u t i l i z a t i o n  system 
c o n f i g u r a t i o n  recommendations must beg in  i n  1982 i n  o rde r  t o  a l l ow  implementation and test  p r i o r  t o  t h e  launch of 
NOSS. S p e c i f i c a l l y ,  d a t a  t y p e s ,  f o rma t s ,  s t o r a g e ,  d i s t r i b u t i o n  and a c c e s s  requi rements  w i l l  b e  determined,  and 
implementation technique  development w i l l  b e  s t a r t e d .  The a r c h i t e c t u r e  of t h e  o v e r a l l  computing system w i l l  b e  
developed i n  accordance wi th  t h e  determined needs of t h e  oceanographic r e s e a r c h  community. 
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BASIS OF FY 1982 FUNDING REQUIREMENTS: 

APPLICATIONS SYSTEMS 

1981 1982 
1980 Budget Current  Budget 

Actual  Estimate Est imate  E s t i m a t e  
(Thousands of D o l l a r s )  

Airborne i n s t r u m e n t a t i o n  r e s e a r c h  program.............. 15,567 18,100 18,100 14,400 --- --- --- Shut t l e /Space lab  miss ion  d e s i g n  and i n t e g r a t i o n * .  ...... 
NASA i n t e g r a t e d  payload planning*...................... 1,700 --- --- --- 7,300 

Total................................................ 18,100 14,400 

Space t r a n s p o r a t i o n  system o p e r a t i o n s  
€ o r  a l l  space  a p p l i c a t i o n s  space lab  payloads......... (100) (8,600) (1,700) (1 4,500) 

*Funding r e s p o n s i b i l i t y  f o r  FY 1981 and subsequent y e a r s  h a s  been t r a n s f e r r e d  from Space Appl ica t ions  t o  Space Science.  

OBJECTIVES AND STATUS: 

The a i r b o r n e  i n s t r u m e n t a t i o n  r e s e a r c h  program ( A I R P )  prov ides  f l i g h t  suppor t  t o  major segments o f  t h e  space  
a p p l i c a t i o n s  program. The a i r c r a f t  f l e e t  p r e s e n t l y  c o n s i s t s  of two U - ~ C ' S ,  one WB-57F, one C-130, and one CV-990. 
These a i r c r a f t  p rov ide  suppor t  as test beds  f o r  newly developed i n s t r u m e n t a t i o n  and permit  t h e  demonstra t ion of new 
s e n s o r  concepts  p r i o r  t o  t h e i r  be ing  flown on satell i tes.  The d a t a  acqu i red  dur ing  t h e  f l i g h t s  i s  used t o  r e f i n e  
a lgor i thms  and develop ground d a t a  hand l ing  t echn iques  and p re l iminary  proof of concept s t u d i e s .  
ac t iv i t ies  are f l i g h t s  over  test sites t o  o b t a i n  c rop  s i g n a t u r e  d a t a  f o r  t h e  AgRISTARS program by t h e  C-130 and f l i g h t s  
i n  t h e  U-2C's t o  a c q u i r e  s imulated themat ic  mapper d a t a .  
s t r a t o s p h e r i c  a i r  samples and conduct i n  s i t u  measurements a t  a l t i t u d e  ranges  above t h e  c a p a b i l i t y  of more conven t iona l  
a i r c r a f t  and below t h a t  of  o r b i t i n g  s p a c e c r a f t .  
i n t e r e s t  exists regard ing  s t r a t o s p h e r i c  t r a n s p o r t  mechanisms and where i s  i t  extremely d e s i r a b l e  t o  p e n e t r a t e  t h e  
s t r a t o s p h e r i c  region--which i n  t h e  t r o p i c a l  in te rcovergence  zone is  normal ly  found a t  a l t i t u d e s  of 60,000 f e e t  and 
above. During FY 1981, t h e  ER-2 a i r c r a f t  (U-2R) w i l l  b e  d e l i v e r e d .  This a i r c r a f t  i s  be ing  ob ta ined  i n  con junc t ion  w i t h  

Fxamples o f  such 

A p r i n c i p a l  use  of t h e  WB-57F's and U-2C's i s  t o  a c q u i r e  

This  i s  important  i n  t h e  environmental  o b s e r v a t i o n  program where much 
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a United S t a t e s  Air Force procurement and w i l l  r e p l a c e  one of t h e  aging U-2's which w i l l  b e  r e tu rned  t o  t h e  Air Force 
inventory .  The ER-2 a i r c r a f t  o f f e r s  a d d i t i o n a l  a l t i t u d e  and range  c a p a b i l i t y  and payload c a p a c i t y  over t h e  U-2C. This  
enhanced c a p a b i l i t y  should  permi t  bo th  more economical o p e r a t i o n  of t h e  h igh  a l t i t u d e  f l e e t  and an  improved c a p a b i l i t y  
t o  p e n e t r a t e  important  r eg ions  of t h e  s t r a t o s p h e r e  where t h e r e  i s  cons ide rab l e  s c i e n t i f i c  i n t e r e s t .  

BASIS OF FY 1982 EST-: 

FY 1982 funds  w i l l  p rov ide  t h e  level  of a i r c r a f t  o p e r a t i o n s  r equ i r ed  t o  suppor t  t h e  space  a p p l i c a t i o n s  program. 
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BASIS OF ET 1982 FUUDIBG BEQUIRPHEHTS: 

TECHNOLOGY TRANSFER 

1981 1982 
1980 Budget Current Budget 

(Thousands of D o l l a r s )  
E s t i m a t e  Actual  Estimate Est imate  

Appl ica t ions  sys tems v e r i f i c a t i o n  and transfer. . . . . . . . .  1,700 600 1,400 1,000 
Regional remote sens ing  applications... . . . . . . . . . . . . . . . .  3,655 1,800 2,700 2,600 
User requ i rements  and suppor t ing  activit ies. . . . . . . . . . . .  4,732 5,100 6,000 5,400 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10,087 7,500 10,100 9,000 

OBJECTIVES AHD STATUS: 

The o b j e c t i v e s  o f  t h e  technology t r a n s f e r  program are t o  provide  f o r  t h e  development, v a l i d a t i o n ,  t r a n s f e r  and 
d i s semina t ion  o f  remote sens ing  technology a p p l i c a t i o n s  f o r  o p e r a t i o n a l  use  by p u b l i c  and p r i v a t e  o r g a n i z a t i o n s .  

The a p p l i c a t i o n s  systems v e r i f i c a t i o n  and t r a n s f e r  (ASVT) program conducts  j o i n t  p r o j e c t s  wi th  u s e r s  t o  develop remote 
sens ing  a p p l i c a t i o n s ,  v e r i f y  t h a t  t h e s e  a p p l i c a t i o n s  are s u f f i c i e n t l y  developed f o r  o p e r a t i o n a l  use ,  and t r a n s f e r  t h e  
v e t i f i e d  a p p l i c a t i o n s  t o  r e p r e s e n t a t i v e  o p e r a t i o n a l  u s e r s .  The program emphasizes c o s t  r e d u c t i o n  and a d a p t i v e  engi-  
n e e r i n g  t o  e n s u r e  c o m p a t i b i l i t y  wi th  t h e  users needs.  P r o j e c t s  conducted under t h e  program app ly  remote sens ing  tech-  
nology t o  t h e  o p e r a t i o n a l  t a s k s  o f  o t h e r  f e d e r a l  a g e n c i e s ;  s ta te ,  l o c a l  and r e g i o n a l  governments; and p r i v a t e  s e c t o r  
use r s .  P r o j e c t s  a r e  now underway w i t h  t h e  Na t iona l  Park Serv ice ,  P a c i f i c  Northwest Regional Commission, t h e  S t a t e s  of 
Alaska and C a l i f o r n i a ,  and r e g i o n a l  water management d i s t r i c t s  i n  t h e  S t a t e  o f  F lo r ida .  Addi t iona l  p r o j e c t s  w i l l  be  
under taken i n  FY 1981 wi th  t h e  Missour i  River Basin Commission and wi th  P a c i f i c  Gas and Electric Company. 

The r e g i o n a l  remote sens ing  a p p l i c a t i o n s  program prov ides  f o r  c o o p e r a t i v e  e f f o r t s  wi th  s ta te  and l c o a l  governments t o  
e v a l u a t e  proven Landsat a p p l i c a t i o n s  i n  n a t u r a l  r e source  and environmental  management. 
impetus t o  s ta te  use  o f  Landsat  d a t a  through d a t a  a n a l y s i s  t r a i n i n g  t o  over  1500 s ta te ,  l o c a l  and Federa l  personnel  and 
t h e  complet ion of f i f t e e n  m u l t i d i s c i p l i n a r y  state a p p l i c a t i o n  demonstra t ion p r o j e c t s .  Follow-on t e c h n i c a l  a s s i s t a n c e  i n  
t h e  use  o f  NASA s o f t w a r e  h a s  l e a d  t o  t h e  e s t a b l i s h m e n t  o f  o p e r a t i o n a l  Landsat  d a t a  p rocess ing  c a p a b i l i t i e s  in f o u r t e e n  

The program has  provided major 
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states. P r o j e c t s  w i th  ano the r  fou r t een  s ta tes  are p r e s e n t l y  be ing  conducted. 
communications and coopera t ion  among s ta tes ,  as w e l l  a s  encouragement f o r  s tate use  of p r i v a t e  s e c t o r  c a p a b i l i t i e s  i s  
be ing  s t imu la t ed  through use r  documentation, q u a r t e r l y  n e w s l e t t e r s ,  and a series of u se r  symposia t o  b e  he ld  i n  t he  
s p r i n g  of 1981. 
r e l evance  and u t i l i t y  of  Landsat d a t a  u t i l i z a t i o n  t o  o t h e r  s ta te  programs. 
been i n i t i a t e d  t o  i nvo lve  county and o t h e r  l o c a l  government o rgan i za t i ons  i n  t h e  e v a l u a t i o n  and use  of Landsat d a t a  bo th  
independent ly  and through t h e  use  of e s t a b l i s h e d  s ta te  c a p a b i l i t i e s .  
p a r t i c i p a t i n g  i n  t h i s  a c t i v i t y  through e v a l u a t i o n  of  county u se r  exper iences  w i th  Landsat ,  a n a l y s i s  of county government 
needs ,  and informat ion  programs t o  make c o u n t i e s  b e t t e r  aware of Landsat d a t a  u t i l i t y .  

S i g n i f i c a n t l y  i nc r ea sed  t e c h n i c a l  

Increased  use  of  geobased informat ion  systems i n  t h e  r e g i o n a l  t r a n s f e r  p r o j e c t s  ha s  i nc r ea sed  t h e  
A p i l o t  program of coope ra t i ve  p r o j e c t s  h a s  

The Nat iona l  Assoc ia t ion  of  County O f f i c i a l s  i s  

Under u s e r  requi rements  and suppor t i ng  a c t i v i t i e s ,  con t inu ing  communications a t  t h e  n a t i o n a l  level are maintained 
between NASA and t h e  u se r  community t o  de te rmine  and ana lyze  n a t i o n a l  p r i o r i t i e s  and u se r  needs ,  inform u s e r s  of 
e x i s t i n g  and planned t echno log i ca l  c a p a b i l i t i e s ,  o b t a i n  e x t e r n a l  e v a l u a t i o n s  of technology t r a n s f e r  programs f o r  
p lanning  purposes,  and develop program awareness and t e c h n i c a l  c a p a b i l i t i e s  i n  educa t i ona l  i n s t i t u t i o n s .  The u se r  
requi rements  and suppor t i ng  ac t iv i t i e s  l i a i s o n  wi th  s t a t e  governments ha s  been maintained through coope ra t i ve  
arrangements  w i th  t h e  Nat iona l  Conference of S t a t e  L e g i s l a t u r e s  (NCSL) and t h e  Nat iona l  Governors Assoc ia t ion  (NGA). 
These groups have p a r t i c i p a t e d  i n  planning f o r  t h e  n a t i o n a l  o p e r a t i o n a l  l and  remote sens ing  system. 
communication l i n k s  w i l l  b e  e s t a b l i s h e d  w i th  s u b s t a t e  government o r g a n i z a t i o n s  such as  t h e  Nat iona l  Assoc ia t ion  of 
County O f f i c i a l s  (NACO) and t h e  Nat iona l  Innovat ion  Network. 
s e c t o r  u s e r / s e r v i c e  o r g a n i z a t i o n  (American Soc i e ty  of Landscape A r c h i t e c t s ) .  
e v a l u a t e  p r i v a t e  u se r  needs and add re s s  major needs c a t e g o r i e s  through j o i n t  t r a n s f e r  p r o j e c t s  thereby  provid ing  p r i v a t e  
companies (power u t i l i t y  i n d u s t r y )  an  oppor tun i ty  t o  use  remotely sensed d a t a  i n  i n c r e a s i n g  t h e i r  own p roduc t iv i t y .  A 
program t o  i n c r e a s e  t r a n s f e r  t o  loca l ly- based  p r i v a t e  i n d u s t r i e s  i nc lud ing  a r c h i t e c t u r a l  and engineer ing  f i rms ,  environ-  
mental  and development c o n s u l t a n t s ,  and d a t a  process ing  companies, i s  be ing  implemented through a network of community 
co l l eges .  
c a t i o n l u s e r  areas wi th  h i g h e s t  payof f .  
us ing  t h i s  procedure.  
c e n t e r s  have been e s t a b l i s h e d  t o  d a t e  and cont inue  t o  p l a y  a s i g n i f i c a n t  r o l e  i n  a s s i s t i n g  i n  t h e  development of  s ta te  
o p e r a t i o n a l  c a p a b i l i t i e s .  Addit ion of  a geology c e n t e r  i n  EY 1980 complements prev ious  d i s c i p l i n e  c e n t e r s  e s t a b l i s h e d  
i n  geodynamics and materials process ing .  

This year  s imilar  

Lia i son  has  a l s o  been e s t a b l i s h e d  w i th  a major p r i v a t e  
S tud i e s  t h i s  year  were performed t o  

A sy s t ema t i c  requi rements  a n a l y s i s  procedure w a s  i n i t i a t e d  t o  d i r e c t  f u t u r e  t r a n s f e r  e f f o r t s  t o  those  a p p l i -  
A u s e r  needs assessment  w i l l  b e  completed t h i s  year  f o r  c o a s t a l  zone management 

As a r e s u l t  of con t inu ing  u n i v e r s i t y  a p p l i c a t i o n s  a c t i v i t i e s ,  25  u n i v e r s i t y  remote s ens ing  

CHANGES PBM FY 1981 BUDGET ESTIMATES: 

The $2.6 m i l l i o n  i n c r e a s e  i n  FY 1981 f o r  technology t r a n s f e r  i s  t h e  r e s u l t  of a Congressional  i n c r e a s e  t o  t h e  budget  
r eques t .  
evolv ing  from r e s e a r c h  and development programs and t h e  t r a n s f e r  of t h e s e  a p p l i c a t i o n s  t o  o p e r a t i o n a l  use  by s ta te  and 
l o c a l  governments and p r i v a t e  i ndus t ry .  

These funds w i l l  p rov ide  f o r  program i n c r e a s e s  i n  t h e  development of s a t e l l i t e  remote s ens ing  a p p l i c a t i o n s  
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Major emphases f o r  FY 1982 w i l l  b e  i n  t h e  fo l lowing  areas: 

ASVT p r o j e c t s  w i t h  t h e  S t a t e s  of Alaska and C a l i f o r n i a  and w i t h  r e g i o n a l  water management d i s t r i c t s  i n  t h e  S t a t e  o f  
F l o r i d a  w i l l  b e  completed i n  FY 1982. In  FY 1982, two new ASVT's w i l l  b e  i n i t i a t e d .  Program t h r u s t s  f o r  FY 1982 w i l l  
be  i n  t h e  a p p l i c a t i o n  of remote sens ing  technology t o  water r e s o u r c e  management a c t i v i t i e s  ( c o a s t a l  zone, waste water, 
and r e s e r v o i r  management) and t o  l a r g e- s c a l e  p r i v a t e  s e c t o r  eng ineer ing  and c o n s t r u c t i o n  p r o j e c t s .  

In  FY 1982, t h e  r e g i o n a l  remote sens ing  a p p l i c a t i o n s  program w i l l  provide  f o r  completing c o o p e r a t i v e  p r o j e c t s  a l r e a d y  
i n i t i a t e d  o r  committed i n  ten states as w e l l  as  t h e  follow-up t e c h n i c a l  a s s i s t a n c e  necessa ry  t o  complete technology 
t r a n s f e r  t o  t h e s e  t e n  states. I n t r o d u c t o r y ,  m u l t i d i s c i p l i n a r y  p r o j e c t s  w i l l  b e  undertaken s e l e c t i v e l y  wi th  t h e  re- 
maining states because  adequate  assistance i s  expected t o  b e  a v a i l a b l e  from u n i v e r s i t i e s ,  p r i v a t e  i n d u s t r y ,  and o t h e r  
s tates a t  t h a t  t i m e .  
c a t i o n s  development p r o j e c t s  focus ing  on s p e c i f i c  new techno log ies  ( p r e p a r a t i o n  f o r  themat ic  mapper, low c o s t  systems, 
improved a n a l y t i c a l  t echn iques )  and s p e c i f i c  d i s c i p l i n e  a r e a s  (water r e s o u r c e s ,  s o i l  e r o s i o n ,  c o a s t a l  zone management) 
which r e p r e s e n t  h i g h  p r i o r i t y  u s e r  needs .  F i n a l  d e c i s i o n s  on d i s c i p l i n e  area emphasis w i l l  be  based on t h e  r e s u l t s  of  
FY 1981 u s e r  e v a l u a t i o n s .  Trans fe r  programs wi th  s u b s t a t e  u s e r s ,  such as county  government, w i l l  con t inue  a t  a p i l o t  
level i n  coopera t ion  w i t h  t h e  Na t iona l  Assoc ia t ion  of County O f f i c i a l s  and o t h e r  u s e r  r e p r e s e n t a t i v e  o r g a n i z a t i o n s .  

Trans fe r  t o  o p e r a t i o n a l  u s e r s  w i l l  con t inue  through s p e c i a l  purpose workshops and selective a p p l i-  

User requ i rements  and suppor t ing  ac t iv i t ies  w i l l  focus  on u s e r  awareness of evolving remote sens ing  c a p a b i l i t i e s  and 
assessment  o f  u s e r  requirements  f o r  improved technology through con t inu ing  c o o p e r a t i v e  arrangements wi th  t h e  Na t iona l  
Conference of S t a t e  L e g i s l a t u r e s  and t h e  Na t iona l  Governors Associa t ion.  
s t u d i e s  w i l l  b e  cont inued and a s t r a t e g y  o f  technology t r a n s f e r  t o  t h e  p r i v a t e  s e c t o r  and s u b s t a t e  governments ( i n  con- 
cert  w i t h  t h e  Na t iona l  Assoc ia t ion  of County O f f i c i a l s )  w i l l  b e  implemented. 
NOAA I n  t h e  t r a n s i t i o n  o f  Landsat  t o  an  o p e r a t i o n a l  l a n d  remote sens ing  system. These ac t iv i t i e s  w i l l  i nc lude :  t h e  co- 
sponsorsh ip  of u s e r  symposia and workshops t o  t i e  NOAA i n t o  e s t a b l i s h e d  u s e r  networks;  conduct ing u s e r  requirements  
s t u d i e s ;  and ac t iv i t ies  t o  con t inue  i n c r e a s i n g  u s e r  awareness o f  remote s e n s i n g  c a p a b i l i t i e s .  In  u n i v e r s i t y  a p p l i c a-  
t i o n s ,  suppor t  w i l l  b e  cont inued f o r  t h e  remaining t h i r t e e n  u n i v e r s i t y  remote sens ing  c e n t e r s  and t h e  f o u r  e s t a b l i s h e d  
b a s i c  r e s e a r c h  c e n t e r s .  However, no new u n i v e r s i t y  g r a n t s  w i l l  be  i n i t i a t e d  dur ing  FY 1982. 

D i s c i p l i n e  o r i e n t e d  technology requirement 

Activities w i l l  be  conducted t o  suppor t  
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BASIS OF FY 1982 FUNDING REQUIRFMJNTS: 

MATERIALS PROCESSING I N  SPACE 

1981 1982 
1980 Budget Current Budget Page 

E s t i m a t e  E s t i m a t e  E s t i m a t e  No. 
(Thousands of D o l l a r s )  

Actual 

Applied r e s e a r c h  and d a t a  ana ly s i s . .  ................... 7,200 11,700 10,950 14,000 RD 7- 61 
Shu t t l e / space l ab  payload development.. ................. 10,468 10,500 10,750 12,000 RD 7-63 
Materials experiment  operat ions. . . . . .  .................. (533) (2,400) ( 1,900) 6,100 RD 7-65 
Space p roces s ing  a p p l i c a t i o n s  

--- ................................ --- --- --- r o c k e t  (SPAR) p r o j e c t  2,100 

Total................................................ 19,768 22 , 200 21,700 32,100 

OJECTIVES AND STATUS: 

The mater ia ls  process ing  i n  space  program emphasis i s  on t h e  fundamental s c i e n c e  and technology of process ing  
materials t o  understand c o n s t r a i n t s  imposed by g r a v i t a t i o n a l  f o r c e s  and t h e  enhancement p o s s i b l e  i n  t h e  c o n t r o l  of t h e s e  
p roces se s  th rough t h e  use  of t h e  space  environment.  The goa l  i s  t o  test and demonstrate  t h e  unique c h a r a c t e r i s t i c s  of  
t h e  space  environment f o r  materials process ing .  A s  t h e s e  development, t e s t ,  and demonstrat ion e f f o r t s  proceed,  t h e  
technology w i l l  b e  t r a n s f e r r e d  as  a p p r o p r i a t e  t o  non-NASA u s e r s  f o r  t h e i r  use.  

Ground-based r e s e a r c h ,  technology development,  and payload d e f i n i t i o n  a c t i v i t i e s  i n  FY 1982 w i l l  concen t r a t e  on t h r e e  
major p roces s ing  areas: c r y s t a l  growth and s o l i d i f i c a t i o n ,  c o n t a i n e r l e s s  process ing ,  and f i u i d  and chemical pro- 
ces s ing .  Also, l i m i t e d  r e s e a r c h  w i l l  b e  suppor ted  i n  t h e  areas of cloud phys i c s ,  combustion s c i e n c e ,  vacuum s c i e n c e ,  
f l u i d  dynamics and e x t r a t e r r e s t r i a l  materials s c i ence .  These a c t i v i t i e s  w i l l  p rov ide  t h e  s c i e n t i f i c  b a s i s  f o r  f u t u r e  
space  a p p l i c a t i o n s  of materials process ing  technology. D e f i n i t i o n  s tudy  a c t i v i t i e s  w i l l  b e  performed f o r  S h u t t l e  
payload cand ida t e s  such a s  t h e  a c o u s t i c  c o n t a i n e r l e s s  experiments  system, t h e  combustion s c i e n c e  system, t h e  con- 
t a i n e r l e s s  measurement system, and t h e  f l o a t i n g  zone experiment system. 
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The Shu t t l e /Space lab  payload development p r o j e c t  w i l l  p rovide  o p p o r t u n i t i e s  t o  perform m a t e r i a l s  s c i e n c e  exper iments  

'Ihe s o l i d i f i c a t i o n  experiment system h a s  been re- 
i n  an extended,  mic rograv i ty  environment. F a b r i c a t i o n  and t e s t i n g  of the f l u i d  experiment sys tem,  vapor  c r y s t a l  growth 
system and monodisperse l a t e x  r e a c t o r  w i l l  be  completed i n  FY 1981. 
phased due t o  t e c h n i c a l  d i f f i c u l t i e s  so  t h a t  a development test  a r t i c l e  w i l l  b e  developed and t e s t e d  i n  FY 1981 p r i o r  t o  
i n i t i a t i n g  f a b r i c a t i o n  o f  t h e  f l i g h t  a r t i c l e  i n  FY 1982 t o  v e r i f y  i t s  performance a g a i n s t  experiment requirements  and 
t h e  a n a l y t i c a l  mode. 

M a t e r i a l s  experiment o p e r a t i o n s  i s  a c o n s o l i d a t i o n  and expansion of ongoing a c t i v i t i e s  which p rov ide  a range o f  
exper imental  c a p a b i l i t i e s  f o r  a l l  s c i e n t i f i c  and commerial p a r t i c i p a n t s  i n  t h e  materials p rocess ing  i n  space  program. 
These i n c l u d e  d rop  towers  and a i r c r a f t  and sounding r o c k e t  f l i g h t s  as w e l l  as t h e  S h u t t l e  mid-deck exper iments  and t h e  
material experiment assembly. These c a p a b i l i t i e s  w i l l  a l low u s e r s  t o  begin  exper iments  e a r l y  i n  a c o s t- e f f e c t i v e  manner 
and a l l o w  NASA t o  develop a b e t t e r  unders tanding of t h e  t e c h n i c a l  r i s k s  a s s o c i a t e d  w i t h  experiment concepts  b e f o r e  
a t t empt ing  t o  develop more complex hardware. In  a d d i t i o n ,  l i m i t e d  r e f l i g h t  of c u r r e n t l y  s e l e c t e d  i n v e s t i g a t i o n s  on 
sounding r o c k e t s  and on Shu t t l e /Space lab  miss ions  i s  inc luded  i n  m a t e r i a l s  experiment o p e r a t i o n s .  

The Space Process ing Appl ica t ions  Rocket (SPAR) p r o j e c t  has  been completed wi th  t h e  n i n t h  and f i n a l  f l i g h t  flown i n  
January 1981. Fur the r  use  o f  sounding r o c k e t  exper iments  w i l l  be  included as p a r t  o f  t h e  FY 1982 m a t e r i a l s  experiment 
assembly,  which w i l l  be  p laced i n  bonded s t o r a g e  i n  FY 1981. Research i n v e s t i g a t i o n s  a s s o c i a t e d  wi th  SPAR w i l l  be 
suppor ted as a p a r t  o f  m a t e r i a l s  experiment o p e r a t i o n s  i n  FY 1981. 

Applied Research and Data Analys is  ( M a t e r i a l s  Process ing)  

1981 
1980 Budget Current  

1982 
Budget 

Actual  Est imate  E s t i m a t e  Est imate  
(Thousands of D o l l a r s )  

Ground-based i n v e s t i g a t i o n s ,  a n a l y s i s ,  
14,000 and s t u d i e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7,200 11,700 10,950 

OBJECTIVES AIUl STATUS: 

The a p p l i e d  r e s e a r c h  and d a t a  a n a l y s i s  (AR&DA) a c t i v i t y  p rov ides  t h e  s c i e n t i f i c  founda t ion  f o r  a l l  c u r r e n t  and f u t u r e  
p r o j e c t s  i n  t h e  materials p rocess ing  i n  space  program. The emphasis i s  placed on ground-based r e s e a r c h  which i s  ex- 
pected t o  develop i n t o  space i n v e s t i g a t i o n s  w i t h  p o t e n t i a l  f o r  f u t u r e  a p p l i c a t i o n s .  In a d d i t i o n ,  t h e  AR&DA program 
s u p p o r t s  technology development f o r  f u t u r e  ground and space  c a p a b i l i t i e s ,  equipment d e f i n i t i o n  s t u d i e s  responding t o  
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i d e n t i f i e d  space  experiment needs,  and commer ica l iza t ion  a c t i v i t i e s  toward space  e n t e r p r i s e s  i nvo lv ing  p r i v a t e  i n d u s t r y .  
Most r e s e a r c h  p r o j e c t s  i n  t h e  ARdDA program are i n i t i a t e d  as a r e s u l t  of u n s o l i c i t e d  proposa ls  from t h e  s c i e n t i f i c  
community, which are e x t e n s i v e l y  pee r  reviewed p r i o r  t o  s e l e c t i o n .  The N 1981 funding  has  been used t o  i n i t i a t e  
funding of  another  set of new three- year  r e s e a r c h  p r o j e c t s  proposed by l e a d i n g  members of t h e  materials s c i ence  communi- 
t y ;  i n i t i a t e  new a c t i v i t i e s  i n  e l e c t r o s t a t i c  c o n t a i n e r l e s s  process ing ,  combustion s c i e n c e ,  and e x t r a t e r r e s t r i a l  
materials p roces s ing ;  and t o  begin  d e f i n i t i o n  s t u d i e s  i n  t h e  a c o u s t i c  c o n t a i n e r l e s s  experiments  system and combustion 
s c i e n c e  f a c i l i t y .  Ongoing r e s e a r c h ,  which w i l l  con t inue  i n  N 1982, concen t r a t e s  on s c i e n t i f i c  i n v e s t i g a t i o n  and tech-  
nology advancement i n  i n f r a r e d  d e t e c t o r  materials, i n e r t i a l  confinement f u s i o n  t a r g e t s ,  f l o a t i n g  zone c r y s t a l  growth, 
s e p a r a t i o n  and s y n t h e s i s  of b i o l o g i c a l  materials,  f l u i d  f low e f f e c t s  i n  materials p roces se s ,  combustion s c i ence ,  vacuum 
sc i ence ,  c o n t a i n e r l e s s  process ing  techniques  and e x t r a t e r r e s t r i a l  materials process ing .  
r e s e a r c h  w i l l  b e  i n i t i a t e d  as  low- gravi ty r e s e a r c h  o p p o r t u n i t i e s  become a v a i l a b l e .  
con t inue  w i th  s t u d i e s  of i n s t i t u t i o n a l ,  l e g a l ,  and economic i s s u e s  of j o i n t  NASAIindustry v e n t u r e s ,  in format ion  a c t i v i -  
t ies  d i r e c t e d  toward i n d u s t r y  involvement i n  materials process ing  i n  space  p r o j e c t s ,  and n e g o t i a t i o n s  w i th  companies i n  
under tak ing  j o i n t  space  endeavors wi th  NASA. 

I n  a d d i t i o n ,  some cloud phys i c s  
Commercialization ac t iv i t i e s  w i l l  

CEANGES PROM FY 1981 BUDGET ESTIMATE: 

Rea l loca t i on  of  $250,000 was r equ i r ed  i n  FY 1981 t o  provide  f o r  requi rements  a s s o c i a t e d  wi th  t h e  rephas ing  of t h e  
S h u t t l e  payload development. I n  a d d i t i o n ,  a r educ t i on  of  $500,000 i n  t h i s  p r o j e c t  i s  r e l a t e d  t o  t h e  o v e r a l l  Con- 
g r e s s i o n a l  r educ t i on  i n  t h e  NASA a p p r o p r i a t i o n  r eques t .  
d e f e r r e d  u n t i l  N 1982. 

The i n i t i a t i o n  of some new i n v e s t i g a t i o n s  under AR&DA w i l l  b e  

BASIS OF FY 1982 ESTIMATE: 

FY 1982 funding  w i l l  con t inue  t h e  ground-based r e s e a r c h  program, which i s  now i d e n t i f y i n g  requi rements  f o r  e x t e n s i v e  
space  exper imenta t ion  i n  c r y s t a l  growth, f lows i n  we igh t l e s s  f l u i d s ,  dens i t y- grad i en t  d r i v e n  convec t ion ,  c o n t r o l l e d  
s o l i d i f i c a t i o n  p roces se s ,  c o n t a i n e r l e s s  process ing ,  and s e p a r a t i o n  p roces se s  f o r  b i o l o g i c a l  materials. New a c t i v i t i e s  
w i l l  b e  undertaken i n  cloud phys i c s ,  combustion s c i ence .  

Continuing d e f i n i t i o n  a c t i v i t i e s  i n  FY 1982 w i l l  i n c lude  an a n a l y s i s  of accommodations on s imple  f r e e- f l y i n g  
f a c i l i t i e s  i n  low-Earth o r b i t  t o  f u l f i l l  p ro j ec t ed  requirements  f o r  t h e  McDonnell-Douglas p i l o t  p l a n t  t h a t  w i l l  evo lve  
from t h e  j o i n t  endeavor p r o j e c t  i n  1986. 
t ed  autonomously, w i l l  a l s o  be  conducted. D e f i n i t i o n  s t u d i e s  i n  space  materials systems w i l l  be  i n i t i a t e d ,  l e ad ing  t o  
t h e  development of  t e chno log i e s  f o r  conve r t i ng  e x t r a t e r r e s t r i a l  materials c o s t- e f f e c t i v e l y  i n t o  u s e f u l  forms f o r  bo th  
space  and terrestrial  a p p l i c a t i o n s .  I n  a d d i t i o n ,  s t u d i e s  of a f l o a t i n g  zone experiments  system w i l l  be undertaken which 
w i l l  b e  conf igured  w i th  d i r e c t  i n d u s t r i a l  c o n s u l t a t i o n .  
ments experiments  system and t h e  i s o e l e c t r i c  focus ing  s e p a r a t i o n  system, and w i l l  con t inue  f o r  t h e  combustion s c i e n c e  
f a c i l i t y  . 

Stud i e s  of s imple  m a t e r i a l s  p rocess ing  i n  space  payloads ,  which can b e  opera-  

Hardware d e f i n i t i o n  w i l l  beg in  f o r  t h e  c o n t a i n e r l e s s  measure- 
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ARdDA funding f o r  N 1982 w i l l  p rov ide  f o r  inc reased  e f f o r t  i n  advanced technology development t o  meet needs  
i d e n t i f i e d  i n  t h e  ground-based r e s e a r c h  program, and f o r  d e f i n i t i o n  s t u d i e s  on space  experiment systems needed t o  
perform i n v e s t i g a t i o n s  a r i s i n g  from m a t e r i a l s  p rocess ing  i n  space  r e s e a r c h .  
developed i n  areas such as automated sample exchange; e l ec t romagne t i c ,  a c o u s t i c ,  and e l e c t r o s t a t i c  l e v i t a t i o n ;  m a t e r i a l s  
p r o p e r t y  measurements; holography; and t h e  p roduc t ion  and p u r i f i c a t i o n  of b i o l o g i c a l  m a t e r i a l s .  

M a t e r i a l s  p rocess ing  technology w i l l  be 

Commercialization ac t iv i t ies  w i l l  b e  cont inued i n  J?Y 1982 wi th  t h e  development of j o i n t  e x p l o r a t i o n  r e s e a r c h  programs 
w i t h  i n d u s t r y  u s i n g  NASA ground-based experiment f a c i l i t i e s .  
r e s e a r c h e r s  on a no-exchange-of- funds b a s i s  i s  expected t o  g e n e r a t e  more e x t e n s i v e  commitments t o  f u t u r e  use  of 
Shu t t l e /Space lab  c a p a b i l i t i e s .  

This popular  approach t o  j o i n t  involvement o f  i n d u s t r i a l  

Shu t t l e /Space lab  Payload Development (Materials Process ing)  

1981 1982 
1980 Budget Current Budget 

Actual  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Payload development.................................... 9,935 8,100 8,850 12,000 
Experiment operations.......................... ........ 533 2,400 1,900 ---* 

Total................................................ 10,468 10,500 10,750 12,000 

*Included under Materials Experiment Operat ions  

OBJECTIVES AUD STATUS: 

The s p a c e  p rocess ing  Shu t t l e /Space lab  payload development p r o j e c t  i n c l u d e s  t h e  d e s i g n  and development of a b a s i c  set  
of payload equipment f o r  space  experiments on m a t e r i a l s  and p rocesses ,  and p rov ides  f o r  conduct ing experiments wi th  t h i s  
equipment on space  t r a n s p o r t a t i o n  system (STS) f l i g h t s .  
flown on t h e  Spacelab-3 miss ion and a p a l l e t  miss ion ,  b o t h  c u r r e n t l y  scheduled i n  1984. I n v e s t i g a t i o n s  s e l e c t e d  f o r  
t h e s e  f l i g h t s  cover  t o p i c s  i n  c r y s t a l  growth,  f l u i d  f low e f f e c t s ,  p h y s i c a l  m e t a l l u r g y ,  s p e c i a l i z e d  composite materials, 
and polymerizat ion.  All of t h e  equipment i s  be ing  des igned f o r  r epea ted  use and a long service l i f e t i m e ,  s o  t h a t  i t  can 
b e  used f o r  f u r t h e r  exper iments  on l a t e r  miss ions  wi thout  new development o r  s u b s t a n t i a l  modi f i ca t ion .  

The f i r s t  series of exper iments  t o  use  t h e  equipment w i l l  be  
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Four equipment systems a r e  under development. Two of t h e s e  a r e  m u l t i u s e r  f a c i l i t i e s :  t h e  f l u i d  exper iments  system 
(FES), a s o p h i s t i c a t e d  holographic  o p t i c a l  measurement system t o  determine d e n s i t y  g r a d i e n t s  and f l u i d  f lows dur ing  
c r y s t a l  growth and analogous p rocesses :  and t h e  S o l i d i f i c a t i o n  Experiments System (SES), a v e r s a t i l e  e lec t r ic  f u r n a c e  
system capab le  of performing a wide range  of c o n t r o l l e d  h igh  temperature  mel t ing  and f r e e z i n g  experiments.  The o t h e r  
t w o  systems are be ing  b u i l t  s p e c i f i c a l l y  f o r  i n d i v i d u a l  i n v e s t i g a t i o n s :  t h e  Vapor C r y s t a l  Growth System (VCG) w i l l  grow 
l a r g e  s i n g l e  c r y s t a l s  of mercur ic  i o d i d e  by evapora t ion  and recondensa t ion ;  and, t h e  Monodisperse Latex Reactor (MLR) 
w i l l  b e  used t o  s tudy  t h e  k i n e t i c s  of l a t e x  p a r t i c l e  growth under c o n d i t i o n s  t h a t  produce p a r t i c l e s  o f  uniform s i z e .  

The development schedu le  f o r  SES h a s  been rephased due t o  t e c h n i c a l  d i f f i c u l t i e s .  P r i o r  t o  i n i t i a t i o n  of f l i g h t  
hardware,  a test a r t i c l e  w i l l  f i r s t  b e  developed and t e s t e d  i n  FY 1981 t o  v e r i f y  i t s  performance a g a i n s t  experiment 
requirements .  Assuming t h e  performance of t h e  test a r t i c l e  meets t h e  experiment requirements ,  t h e  f l i g h t  hardware w i l l  
b e  developed i n  FY 1982. The r e s u l t i n g  SES w i l l  i n c l u d e  an advanced s t a te- of- the- ar t  fu rnace  system which w i l l  t a k e  
advantage of t h e  reduced convect ion i n  space  and enab le  f u l l y  programmable c o n t r o l  over t h e  shape,  p o s i t i o n ,  and speed 
o f  advance o f  c r y s t a l  growth and s o l i d i f i c a t i o n  s o l i d / m e l t  i n t e r f a c e s .  

CHANGES PROM FY 1981 BUDGET ESTJMATE: 

The n e t  i n c r e a s e  of $250,000 i n  payload development a c t i v i t i e s  i n  FY 1981, t o g e t h e r  wi th  an adjus tment  between t h e  
p r o j e c t  e l ements ,  w a s  necessa ry  t o  provide  f o r  c u r r e n t  requirements  r e s u l t i n g  from t h e  rephasing of t h e  SES development 
schedule .  This adjus tment  was p o s s i b l e  due t o  t h e  r e v i s e d  S h u t t l e  f l i g h t  schedule .  

BASIS OF FY 1982 ESTIWATE: 

F i n a l  f a b r i c a t i o n  and t e s t i n g  w i l l  be  completed f o r  t h e  FES and VCG, which w i l l  then b e  placed i n  bonded s t o r a g e  t o  
a w a i t  t h e  f i r s t  scheduled f l i g h t  i n  1984. F i n a l  des ign  and i n i t i a l  development of t h e  SES w i l l  be  performed l e a d i n g  t o  
d e l i v e r y  f o r  S h u t t l e  p a l l e t  i n t e g r a t i o n  i n  l a t e  1983. P r i n c i p a l  i n v e s t i g a t o r s  w i l l  p a r t i c i p a t e  i n  a l l  t e s t i n g  and 
complete development of t h e i r  f l i g h t  experiment p r o t o c o l s  and samples f o r  t h e  f i r s t  miss ions .  
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Materials Experiment Operat ions  

1981 1982 
1980 Budget Current  Budget 

E s t i m a t e  E s t i m a t e  Est imate  
(Thousands of D o l l a r s )  

Actual  

Materials experiment operations........................ (533)* (2,400) * (1,900)" 6,100 
*Included under m a t e r i a l  s p rocess ing  Shut tl e /Spacel  ab payload development 

OBJECTIVES AMD STATUS: 

Materials experiment o p e r a t i o n s  p rov ide  a range  o f  o p p o r t u n i t i e s  f o r  s c i e n t i f i c  and commercial exper imenters  i n  
material p rocess ing  i n  space  which w i l l  enab le  them t o  g a i n  exper ience i n  a c o s t- e f f e c t i v e  manner and enab le  NASA t o  
b e t t e r  unders tand t h e  t e c h n i c a l  r i s k s  a s s o c i a t e d  w i t h  t h e i r  exper imental  concep t s  b e f o r e  a t t empt ing  t o  develop more 
complex hardware. Such f a c i l i t i e s  are g e n e r a l l y  a l r e a d y  i n  use  and i n c l u d e  d rop  towers ,  drop t u b e s ,  a i r c r a f t  and 
sounding r o c k e t  f l i g h t s .  Development o f  S h u t t l e  mid-deck exper iments  and t h e  f i r s t  materials experiment assembly (MEA) 
accommodations w i l l  b e  completed i n  CY 1981. 

I n  a d d i t i o n ,  r e f l i g h t s  o f  e x i s t i n g  Shu t t l e /Space lab  f a c i l i t i e s  and t h e  s e l e c t i o n  o f  a l i m i t e d  number of new 
i n v e s t i g a t i o n s  f o r  t h e  FES w i l l  b e  p o s s i b l e .  

BASIS OF FY 1982 ESTIMATJk 

A d d i t i o n a l  d rop  c a p a b i l i t i e s  w i l l  be  made a v a i l a b l e  f o r  performing exper iments  on new meta l  a l l o y  s t r u c t u r e s  and t h e  
n u c l e a t i o n  phenomena producing them. Experiments t o  s t u d y  t h e  format ion p rocesses  of g l a s s  s h e l l s  f o r  i n e r t i a l  con- 
finement f u s i o n  t a r g e t s  w i l l  a l s o  b e  conducted. Addi t iona l  KC-135 and F-104 a i r c r a f t  f l i g h t s  which a l l o w  f o r  20 t o  40 
seconds o f  low g r a v i t y  experiment t i m e  w i l l  b e  provided i n  FY 1982. One sounding rocke t  f l i g h t  w i l l  be p o s s i b l e  i n  
FY 1982 as  a n  outgrowth o f  hardware and s c i e n t i f i c  i n v e s t i g a t i o n s  developed under t h e  p rev ious  SPAR program. 

Severa l  s m a l l  experiment packages w i l l  b e  developed from c u r r e n t  requirements  dur ing  FY 1982 f o r  f l i g h t  on t h e  S h u t t l e  
mid-deck area. These packages w i l l  use  e x i s t i n g  hardware from t h e  sounding r o c k e t  program t o  a s  l a r g e  an e x t e n t  a s  
p o s s i b l e  t o  provide  f o r  extended experiment t i m e  r e q u i r e d  f o r  most i n v e s t i g a t i o n s .  
(MEA-I) w i l l  b e  r e f u r b i s h e d  f o r  i t s  second f l i g h t  by purchase  of necessa ry  components and a n a l y t i c a l  s t u d i e s  of t h e  new 
experiment complement. 
r a t h e r  t h a n  r e l y i n g  on i t s  own c a p a b i l i t i e s  as  i n  MEA I, w i l l  b e  i n i t i a t e d .  Severa l  p o t e n t i a l  f l i g h t  o p p o r t u n i t i e s  have  
been planned f o r  b o t h  v e r s i o n s  of MEA which make a second u n i t  mandatory because  of t h e  s h o r t  turnaround t i m e s  involved 
i n  f l i g h t  a v a i l a b i l i t y .  In  a d d i t i o n ,  t h e r e  i s  i d e n t i f i e d  commerical i n t e r e s t  i n  M E A - I 1  which i s  dependent on i t s  
development i n  FY 1982. 

The materials experiment assembly 

Development o f  a second g e n e r a t i o n  MEA-11, which w i l l  u s e  STS power and coo l ing  c a p a b i l i t y  
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BASIS OF FY 1982 FUFJDIMG BEQUI-S: 

COMMUNICATIONS AND INFORMATION SYSTEMS 

1980 
Actual  

Search and r e s c u e  mission.............................. 2,530 
Technical  c o n s u l t a t i o n  and suppor t  studies. . . . . . . . . . . . .  3,182 
Applied r e s e a r c h  and d a t a  analysis.. . . . . . . . . . . . . . . . . . . .  6,200 
Experiment c o o r d i n a t i o n  and o p e r a t i o n s  support . . . . . . . . .  3,583 
Data systems program................................... 3,100 
Adaptive multibeam phased array........................ 1,660 

Total................................................ 20,255 

Budget Current 
E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

2,300 4,800 
3,200 3,100 

16,600 16,600 
2,300 2,200 
4,600 4,500 

31,200 

1982 
Budget 

E s t i m a t e  

5,000 
3,600 

15,400 
1,000 

10,600 

35,600 

Page 
NO 

RD 7-68 
RD 7-70 
RD 7-71 
RD 7-73 
RD 7-74 

---  

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  communications and in fo rmat ion  systems program i s  t o  p rov ide  t h e  technology t o  p e r m i t  new and 
low-cost services t o  t h e  p u b l i c  by ensur ing  t h e  most e f f e c t i v e  use  of t h e  geosynchronous o r b i t  and r a d i o  f requency 
spectrum and by conduct ing t h e  program i n  such a way t h a t  t h e  preeminent p o s i t i o n  of t h e  United S t a t e s  i n d u s t r y  i n  t h e  
market w i l l  be  s u s t a i n e d .  In  FY 1980, mul t iyea r  c o n t r a c t s  were placed wi th  United S t a t e s  i n d u s t r y  t o  e s t a b l i s h  a s t r o n g  
technology b a s e  f o r  use  o f  t h e  30/20 GHz band t o  suppor t  a f l i g h t  system demonstra t ion i n  t h e  l a t e r  1980's. 
e f f o r t s ,  which w i l l  b e  completed i n  FY 1982, w i l l  produce proof-of- concept model hardware of multibeam an tennas ,  on- 
board swi tch ing ,  s i g n a l  p rocess ing ,  and r a d i o  f requency components. 
a t e d  t o  determine t h e  r e l a t i o n s h i p s  among system c a p a b i l i t y ,  s i z e ,  a r c h i t e c t u r e  and c o s t s  f o r  a wide range of space and 
ground c o n f i g u r a t i o n s .  
and d e t a i l e d  d a t a  b a s e  f o r  t h e  f l i g h t  p r o j e c t  phase of t h e  30/20 GHz p o r t i o n  of t h e  communications program. 

These 

In FY 1980, p r e p r o j e c t  system s t u d i e s  were i n i t i -  

The r e s u l t s  o f  t h e s e  system s t u d i e s ,  which w i l l  be  completed i n  FY 1981, w i l l  p rovide  a broad 
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The s e a r c h  and r e s c u e  program, us ing  s a t e l l i t e s  t o  a i d  i n  t h e  d e t e c t i o n  and l o c a t i o n  of d i s t r e s s  beacons c a r r i e d  by 
a i r c r a f t  and s h i p s ,  w i l l  beg in  i t s  demonstra t ion and e v a l u a t i o n  phase i n  1982 wi th  t h e  launch of t h e  f i r s t  United S t a t e s  
s p a c e c r a f t  i n  t h e  series, NOAA-E, and t h e  Sov ie t  s a t e l l i t e ,  COSPAS 1. During FY 1981, t h e  NOAA-E s p a c e c r a f t  w i l l  b e  
completed and t h e  s e a r c h  and rescue  an tennas ,  receivers, s i g n a l  processor  and t r a n s m i t t e r  w i l l  be i n t e g r a t e d  and t e s t e d ,  
completing a l l  necessa ry  p r e p a r a t i o n s  f o r  launch.  Also i n  FY 1981, t h e  ground s t a t i o n  development w i l l  be completed and 
t h r e e  ground s t a t i o n s  w i l l  b e  i n s t a l l e d  a t  s e a r c h  and rescue  f a c i l i t i e s  opera ted  by t h e  United S t a t e s  Coast Guard ( 2 )  
and t h e  United S t a t e s  Air  Force. Experimental  d i s t r e s s  t r a n s m i t t e r s  o p e r a t i n g  a t  406 MHz w i l l  b e  completed and deployed 
i n  accordance wi th  t h e  demonstra t ion and e v a l u a t i o n  plan.  This work w i l l  be  done i n  coopera t ion  wi th  Canada, France,  
and t h e  U.S.S.R. The s e a r c h  and rescue  program i s  now planned t o  span t h e  b a l a n c e  of t h i s  decade wi th  payloads aboard 
s i x  meteoro log ica l  s p a c e c r a f t  opera ted  by t h e  Nat ional  Oceanic and Atmospheric Adminis t ra t ion,  and a t  l e a s t  two Sov ie t  
COSPAS s p a c e c r a f t .  NASA w i l l  con t inue  t o  advance t h e  technology of t h i s  system t o  lower t h e  equipment c o s t  and the reby  
i n c r e a s e  t h e  a v a i l a b l i t y  of t h i s  service t o  t h e  p u b l i c .  

Technical  c o n s u l t a t i o n  and suppor t  s t u d i e s  w i l l  con t inue  t o  provide  r a d i o  i n t e r f e r e n c e ,  p ropaga t ion  and s p e c i a l  system 
s t u d i e s  r e q u i r e d  f o r  t h e  growth of e x i s t i n g  s a t e l l i t e  services and t h e  i n c l u s i o n  of new s a t e l l i t e  a p p l i c a t i o n s .  S p e c i a l  
emphasis w i l l  be  p laced on g e o s t a t i o n a r y  o r b i t  and spectrum conges t ion  and on a s s e s s i n g  t h e  i m p a c t  of t h e  1979 General  
World Admin i s t ra t ive  Radio Conference (GWARC) on p r e s e n t  and f u t u r e  telecommunications and remote sensing.  Orb i t  and 
spectrum u t i l i z a t i o n  s t u d i e s  i n c l u d e  t h e  development o f  f requency and o r b i t  s h a r i n g  t echn iques  and s t r a t e g i e s  , des ign  
s t a n d a r d s ,  and t h e  de te rmina t ion  of t h e  e f f e c t s  of propagat ion phenomena and man-made n o i s e  on performance, des ign ,  and 
e f f i c i e n t  use  of t h e  g e o s t a t i o n a r y  o r b i t  and r a d i o  spectrum. These s t u d i e s  a r e  e s s e n t i a l  t o  a broad range of p u b l i c  and 
p r i v a t e  s e c t o r  a p p l i c a t i o n s  such as commercial mobile te lephone,  d i s a s t e r  communications, law enforcement,  h e a l t h  and 
educa t ion ,  i n t e r s t a t e  commerce, and t e r r o r i s m  c o n t r o l .  In a broader  sense ,  t h e  c a p a b i l i t i e s  w i l l  be  i n v a l u a b l e  f o r  
domestic and i n t e r n a t i o n a l  economic and s o c i a l  development. 

During FY 1981, work w i l l  con t inue  w i t h  t h e  Na t iona l  Telecommunications and In fo rmat ion  Admin i s t ra t ion ,  Department o f  
Commerce (NTIA) and i t s  Interagency Committee on S a t e l l i t e  Telecommunications Appl ica t ions ,  r e p r e s e n t i n g  18 Federal  
agenc ies .  Emphasis w i l l  b e  on i d e n t i f y i n g  technology development t h a t  could  e n a b l e  i n d u s t r y  t o  m e e t  more e f f e c t i v e l y  
t h e  growing communications needs of Federal  agenc ies .  NASA w i l l  suppor t  t h e  cont inued o p e r a t i o n s  of Appl ica t ions  
Technology S a t e l l i t e s- 1 ,  -3, and -5, w h i l e  providing f o r  t h e  o r d e r l y  phaseout o f  former exper imental  s a t e l l i t e  demon- 
s t r a t i o n s ,  and w i l l  provide  f o r  t h e  con t inu ing  t r a n s i t i o n  of Federal  p u b l i c  s e r v i c e  communications a c t i v i t i e s  from NASA 
t o  t h e  NTIA. 
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EY 1982 funds  w i l l  suppor t  e s s e n t i a l  a c t i v i t i e s  f o r  inventory ing ,  c a t a l o g i n g  and managing space  and terrestrial  
a p p l i c a t i o n s  d a t a  bases .  The atmospheres ,  oceans and r e sou rce  p i l o t  d a t a  system p r o j e c t s  i n i t i a t e d  du r ing  FY 1980 and 
FY 1981 w i l l  b e  cont inued t o  provide  test  beds  €o r  developing and eva lua t i ng  new d a t a  systems s t a n d a r d s  and d a t a  manag- 
ement c a p a b i l i t i e s .  Pre l iminary  d e f i n i t i o n  of an Appl ica t ions  Data Serv ice  (ADS), a d a t a  s h a r i n g  network service, w i l l  
b e  completed du r ing  EY 1982. In a d d i t i o n ,  t h e  FY 1982 funds  w i l l  suppor t  d a t a  systems r e s e a r c h  and development a c t i v i -  
t ies  l e a d i n g  t o  t h e  s o l u t i o n  of f u t u r e  h igh  volume d a t a  process ing  problems, t o  t h e  development of t r a n s p o r t a b l e  s o f t -  
ware sys tems ,  and t o  t h e  f u t u r e  implementat ion of a f u l l  c a p a b i l i t y  ADS. 

Search and Rescue Mission 

1981 1982 
1980 Budget Current  Budget 

Actual  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Search and r e s c u e  b a s i c  mission........................ 2,530 2,300 4,800 1,300 
--- 3,700 Search and r e scue  o p e r a t i o n a l  e v a l u a t i o n  phase.. ....... --- --- 

Total................................................ 2,530 2,300 4,800 5,000 

A t l a s  (expendable launch v e h i c l e s  program).. ........... (1,200) (---) (---I (--- 1 

OBJECTIVES AND STUTUS: 

The o b j e c t i v e  of  t h e  s ea r ch  and r e scue  mi s s ion  i s  t o  demonstrate  t h e  f e a s i b l i t y  of us ing  sa te l l i t e s  t o  provide  a 
s i g n i f i c a n t  improvement i n  t h e  c a p a b i l i t y  of s ea r ch  and rescue  f o r c e s  t o  d e t e c t  and l o c a t e  d i s t r e s s  s i g n a l s  from g e n e r a l  
a v i a t i o n  a i r c r a f t  and marine v e s s e l s  du r ing  emergencies.  System s t u d i e s  have shown t h a t  a sa te l l i t e  o r b i t i n g  a t  an  850- 
k i l ome te r  a l t i t u d e  can d e t e c t  t h e  emergency beacons ope ra t i ng  a t  121.5 and 243 MHz p r e s e n t l y  c a r r i e d  by a i r c r a f t  and 
s h i p s .  Systems a n a l y s i s  and s imu la t i ons  i n d i c a t e  t h a t  t h e  s a t e l l i t e  can f i x  t h e  p o s i t i o n  of  t h e s e  beacons t o  an 
accuracy  of about  15-20 k i l ome te r s ,  and could l o c a t e  a proposed new beacon (us ing  t h e  r ecen t ly- a l loca t ed  406 MHz f r e -  
quency) ,  w i t h  i t s  s t ronge r  and more s t a b l e  s i g n a l ,  t o  about  5 k i l ome te r s .  The experiment  w i l l  pe rmi t  r e scue  f o r c e s  t o  
arrive a t  t h e  acc iden t  scene  more qu i ck ly  than  i s  p r e s e n t l y  p o s s i b l e ,  because of t h e  more comprehensive coverage a 
sa te l l i te  system can provide  compared t o  t h e  i r r e g u l a r  coverage provided by o v e r f l y i n g  a i r c r a f t  now r e l i e d  upon. 
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The i n t e r n a t i o n a l  in te ragency  program i s  be ing  conducted j o i n t l y  wi th  Canada, France,  and t h e  Sov ie t  Union. The 
United S t a t e s  w i l l  p rov ide  t h e  s p a c e c r a f t ,  an tennas ,  development of t h e  406 MHz emergency, l o c a t o r  t r a n s m i t t e r ,  and t h e  
United S t a t e s  ground s t a t i o n s ;  t h e  Canadians w i l l  provide  t h e  space telecommunications equipment and a ground s t a t i o n  i n  
t h e i r  c o u n t r y ;  and France w i l l  provide  an onboard p rocessor  and r e c e i v e r .  The Sovie t  Union w i l l  launch and main ta in  i n  
o r b i t  two s p a c e c r a f t  o p e r a t i o n a l l y  compat ible  w i t h  t h e  United S t a t e s ,  French, and Canadian system and w i l l  o p e r a t e  t h e i r  
own ground s t a t i o n s .  The Departments of Defense and Transpor ta t ion  are expected t o  purchase  and o p e r a t e  ground s t a t i o n s  
and p a r t i c i p a t e  i n  t h e  program test and e v a l u a t i o n  phase,  whi le  NOAA i s  p rov id ing  t h e  s p a c e c r a f t  f o r  modi f i ca t ion .  

The d e s i g n  of t h e  s p a c e c r a f t  m o d i f i c a t i o n s  t o  accommodate t h e  s e a r c h  and r e s c u e  i n s t r u m e n t a t i o n  and t h e  des ign  of t h e  
r e q u i r e d  s p a c e c r a f t  an tennas  have been completed. 
new, improved 406  MHz emergency l o c a t o r  t r a n s m i t t e r  i s  c u r r e n t l y  being developed. The l o c a l  u s e r  t e rmina l  and t h e  
United S t a t e s  miss ion  c o n t r o l  c e n t e r  are a l s o  under development. A l l  a c t i v i t i e s  r equ i red  t o  suppor t  a mid-1982 launch 
a r e  proceeding on schedule .  

F a b r i c a t i o n  of t h e  s p a c e c r a f t  and an tennas  is n e a r l y  complete. A 

CHANGES FRC@t 1981 BUDGET ESTIMATE: 

The i n c r e a s e  of $2.5 m i l l i o n  i n  FY 1981 r e s u l t s  from t h e  r e s t o r a t i o n  of funds  t r a n s f e r r e d  from s e a r c h  and rescue  in FY 
1980 t o  cover  u n a n t i c i p a t e d  Landsat-D requirements .  

B M I S  OF F'Y 1982 ESTIMATE: 

FY 1982 funding w i l l  b e  used t o  complete s p a c e c r a f t  launch p r e p a r a t i o n s  f o r  NOAA-E and t o  conduct t h e  beginning of t h e  
demonstra t ion and e v a l u a t i o n  phase a c t i v i t y .  In a d d i t i o n ,  work w i l l  beg in  on t h e  extended " o p e r a t i o n a l  eva lua t ion"  
phase of t h e  program. This phase o f  t h e  program w i l l  permit  an  u n i n t e r r u p t e d  t r a n s i t i o n  from a s u c c e s s f u l  demonstra t ion 
t o  a f u l l y  o p e r a t i o n a l  follow-on system, e l i m i n a t i n g  t h e  p o s s i b i l i t y  of a most u n d e s i r a b l e  b reak  i n  coverage i n  t h e  v e r y  
l i k e l y  even t  t h a t  t h e  system proves  u s e f u l  i n  t h e  a c t u a l  saving of l i v e s  dur ing  t h e  demonstra t ion and e v a l u a t i o n  
phase. 
a d d i t i o n a l  NOAA s p a c e c r a f t ,  NOAA-H, -I and -J, p rov id ing  cont inuous  s p a c e c r a f t  coverage through most of t h e  1980's- 
This w i l l  a l l o w  s u f f i c i e n t  t i m e  f o r  t h e  o p e r a t i o n a l  system t o  be approved, funded,  and deployed. Addi t iona l ly ,  advanced 
technology w i l l  be  a p p l i e d  t o  t h e  development o f  low-cost emergency t r a n s m i t t e r s  which w i l l  n o t  o n l y  r e s u l t  i n  more 
widespread u s e  of t h e  s a t e l l i t e  system b u t  w i l l  a l s o  provide  a compet i t ive  edge t o  United S t a t e s  s u p p l i e r s  i n  meeting 
t h e  l a r g e  i n t e r n a t i o n a l  demand f o r  t h e s e  t r a n s m i t t e r s  d u r i n g  t h e  o p e r a t i o n a l  era. 

The major element of t h i s  extended t r a n s i t i o n  program i s  t h e  p r o v i s i o n  of s e a r c h  and r e s c u e  equipment on t h r e e  
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Technical  Consu l t a t ion  and Support S t u d i e s  

1981 1982 
1980 Budget Current Budget 

Actual  Est imate  Estimate Est imate  
(Thousands of D o l l a r s )  

Technical  c o n s u l t a t i o n  and suppor t  studies... . . . . . . . . . .  3,182 3,200 3,100 3,60C 

OBJECTIVES AND STATUS: 

The growth of e x i s t i n g  s a t e l l i t e  s e r v i c e  and new s a t e l l i t e  a p p l i c a t i o n s  r e q u i r e  r a d i o  i n t e r f e r e n c e ,  p ropaga t ion  and 
system s t u d i e s  which a r e  being conducted under t h i s  program. NASA's unique t e c h n i c a l  e x p e r t i s e  i s  a l s o  used t o  suppor t  
o r g a n i z a t i o n s  such a s  t h e  Federa l  Communications Commission, Na t iona l  Telecommunications and In fo rmat ion  Admin i s t ra t ion ,  
and t h e  Department of S t a t e ,  where c o n s u l t a t i o n  wi th  NASA i s  requ i red  by v a r i o u s  s t a t u t e s  and d i r e c t i v e s ,  such a s  t h e  
Communications S a t e l l i t e  Act of 1962 and P r e s i d e n t i a l  D i r e c t i v e  42. A n a l y t i c a l  t o o l s  a r e  developed and used t o  s o l v e  
problems of i n t e r -  and in t ra- system i n t e r f e r e n c e .  They provide  a t e c h n i c a l  b a s i s  f o r  r e g u l a t o r y  and p o l i c y  s t u d i e s  
needed t o  e n a b l e  con t inu ing ,  o r d e r l y  growth of e x i s t i n g  and new s a t e l l i t e  s e r v i c e .  The main e lements  of t h e  program 
c o n s i s t  of o r b i t  and frequency u t i l i z a t i o n ,  propagat ion and i n t e r f e r e n c e  e f f e c t s ,  and s p a c e c r a f t  systems s t u d i e s  and 
measurements. 

Major p r o j e c t  emphasis w a s  p laced on t h e  1979 World Admin i s t ra t ive  Radio Conference (WARC). Through s t u d i e s  and 
c o n s u l t a t i o n ,  NASA played a key r o l e  i n  t h e  p r e p a r a t i o n  f o r  and p a r t i c i p a t i o n  i n  t h e  conference,  and is  p r e s e n t l y  
involved i n  a post-WARC assessment .  NASA's t e c h n i c a l  s t u d i e s  were c r u c i a l  i n  t h e  WARC's d e c i s i o n  t o  p r e s e r v e  c r i t i c a l  
f requency a l l o c a t i o n s  f o r  remote sens ing ,  and p r o t e c t  them from o t h e r  communications s a t e l l i t e  i n t e r f e r e n c e .  P r i o r  t o  
t h e  WARC, t h e r e  w e r e  no p r a c t i c a l  a l l o c a t i o n s  des igna ted  f o r  t h e  l and  mobile s a t e l l i t e  s e r v i c e .  S imi la r  accomplishments 
were achieved i n  o t h e r  a r e a s .  As a r e s u l t  of t h e s e  e f f o r t s ,  primary a l l o c a t i o n s  were ob ta ined ,  worldwide. More than  
100 t e c h n i c a l  and p o s i t i o n  papers  on t h e s e  and o t h e r  s u b j e c t s  were provided i n  suppor t  of t h e  WARC. 

The r e s u l t s  of t h e  program have made i t  p o s s i b l e  t o  implement, on a commercial and nonexperimental  b a s i s ,  remote 
sens ing ,  mobile communications and b roadcas t ing  by s a t e l l i t e .  These c a p a b i l i t i e s  a r e  e s s e n t i a l  t o  a broad range of 
p u b l i c  and p r i v a t e  s e c t o r  a p p l i c a t i o n s  such a s  commercial mobile te lephone,  d i s a s t e r  communications, law enforcement,  
h e a l t h  and educa t ion ,  i n t e r s t a t e  commerce, and t e r r o r i s m  c o n t r o l .  In a b roader  sense ,  t h e  c a p a b i l i t i e s  w i l l  be 
i n v a l u a b l e  f o r  domestic and i n t e r n a t i o n a l  economic and s o c i a l  development. 
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CIlhaGES FBQn FY 1981: 

A r e d u c t i o n  o f  $100,000 i s  due t o  t h e  o v e r a l l  Congress ional  r educ t ion  i n  t h e  M 1981 NASA a p p r o p r i a t i o n s  r e q u e s t .  

BASIS OF FY 1982 ESTIMATE: 

Major emphasis over  t h e  nex t  2-3 y e a r s  w i l l  i n c l u d e  p r e p a r a t i o n s  f o r  t h e  1984/86 World Admin i s t ra t ive  Radio Conference 
on Geos ta t ionary  O r b i t  Planning,  t h e  1983 Western Hemisphere Conference on Broadcast  S a t e l l i t e  Planning,  and t h e  1982 
WARC on Mobile Communications; development o f  s o l u t i o n s  t o  problems of g e o s t a t i o n a r y  o r b i t  and spectrum conges t ion  over  
t h e  North American c o n t i n e n t ;  development of propagat ion e f f e c t s  models €or  t h e  NASA 30/20 GHz program and f o r  f i x e d  
b roadcas t  a p p l i c a t i o n s  of  14/12 GHz bands;  complet ion o f  p ropaga t ion  s t u d i e s  f o r  mobile sa te l l i t e  communications; 
complet ion of concep tua l  d e s c r i p t i o n s  and t r a f f i c  models of th in- rou te  narrowband communications systems f o r  r e g u l a t o r y  
purposes ;  and development of concepts  of mechanisms t o  f a c i l i t a t e  t h e  t r a n s i t i o n  of exper imental  programs t o  t h e  
commercial s e c t o r .  

Applied Research and Data Analys is  (Communications) 

1981 1982 
1980 Budget Current  Budget 

(Thousands of D o l l a r s )  
E s t i m a t e  Actual  E s t i m a t e  E s t i m a t e  

Wideband 30120 GHz definition.......................... 
Advanced communications research....................... 
Advanced technology development........................ 

Total................................................ 

--- 1,024 1,200 1 , 900 
5,176 5,400 4,700 5,400 

--- 10,000 10,000 10,000 

15,400 6,200 16,600 16,600 

OBJECTIVJIS AND STATUS: 

The o b j e c t i v e  of a p p l i e d  r e s e a r c h  and d a t a  a n a l y s i s  (AR&DA) i s  t o  develop t h e  technology b a s e  and r e l a t e d  suppor t ing  
s t u d i e s  t h a t  are t h e  founda t ion  of t h e  j o i n t  NASAIUnited S t a t e s  i n d u s t r y  30120 GHz program. 

A U D A  comprises  market s t u d i e s ,  p r e l i m i n a r y  system concept s t u d i e s ,  and development of t echno log ies  c r i t i c a l  t o  r e l i e f  
of t h e  g e o s t a t i o n a r y  a r c  and f requency conges t ion  problems, now becoming i n c r e a s i n g l y  apparen t .  Cur ren t ly ,  t h e r e  are 
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n i n e  United S t a t e s  domest ic  communications s a t e l l i t e s  l o c a t e d  above t h e  Equator i n  view of t h e  United S t a t e s ,  w i t h  
a p p l i c a t i o n s  on f i l e  f o r  24 more t o  b e  launched by t h e  mid-1980's. These sa te l l i t e s  w i l l  exhaust  t h e  c a p a c i t y  of t h e  
o r b i t a l  a r c  and t h e  lower f requency bands which must suppor t  b o t h  f o r e i g n  and domest ic  communications s a t e l l i t e s .  
Capaci ty  i n c r e a s e s  beyond t h e  mid-1980's w i l l  r e q u i r e  t h e  technology advances t h a t  t h e  30/20 GHz program w i l l  develop.  
By sponsor ing  t h e s e  major t e c h n o l o g i c a l  advances ,  t h e  program a l s o  s u b s t a n t i a l l y  s t r e n g t h e n s  United S t a t e s  i n d u s t r y  
a g a i n s t  f o r e i g n  compet i t ion  from well- financed and care fu l ly- planned  government/ industry t e a m s  i n  Japan and Western 
Europe. 

I n i t i a l  system concep ts  have i d e n t i f i e d  two systems u t i l i z i n g  t h e  component t e c h n o l o g i e s  d e s c r i b e d  below. One would 
prov ide  wideband t runking  s e r v i c e s  between major United Sta tes  c i t i e s ,  whi le  t h e  second would prov ide  more modest 
s e r v i c e s  between a l a r g e  number of  s m a l l  t e r m i n a l s  l o c a t e d  a t  t h e  u s e r s  f a c i l i t y  ("customer-premise" s e r v i c e ) .  These 
two system approaches have now evolved t o  a s i n g l e  s p a c e c r a f t  concept  capab le  of  demonstrat ing t h e  major e lements  o f  
b o t h  t y p e s  of  service. 

I n  p a r a l l e l  w i t h  t h e s e  system s t u d i e s ,  a number of  technology development c o n t r a c t s  have been awarded t o  United S t a t e s  
i n d u s t r y  t o  produce proof-of-concept models of components and subsystems r e q u i r e d  t o  permit  s a t e l l i t e  communications 
o p e r a t i o n s  i n  t h i s  new frequency band. Cont rac t s  have been awarded i n  t h e  fo l lowing  technology a r e a s :  m u l t i p l e  spo t -  
beam s p a c e c r a f t  an tennas ,  s p a c e c r a f t  m a t r i x  swi tch  f o r  t runk ing  a p p l i c a t i o n s ,  baseband s p a c e c r a f t  p rocessor ,  30 GHz 
s p a c e c r a f t  r e c e i v e r ,  20 GHz s o l i d  s ta te  (GaAsFET) s p a c e c r a f t  t r a n s m i t t e r ,  20 GHz s p a c e c r a f t  traveling-wave t u b e  
a m p l i f i e r ,  20 GHz traveling-wave t u b e  power supply ,  30 and 20 GHz l a t c h i n g  s w i t c h e s ,  swi tches  and f i l t e r s  f o r  space-  
craf t- swi tched  m u l t i p l e  a c c e s s  systems,  components f o r  low-cost ground t e r m i n a l s ,  and s p a c e c r a f t  t r ansponders .  

All b u t  t h e  las t  t h r e e  of t h e s e  e lements  are  now under c o n t r a c t  wi th  dua l  compet i t ive  c o n t r a c t s  i n  most cases .  The 
proof-of-concept models produced by t h e s e  c o n t r a c t o r s  a re  scheduled f o r  d e l i v e r y  i n  FY 1981 and 1982 and w i l l  undergo 
e x t e n s i v e  component and i n t e g r a t e d ,  system- level  t e s t i n g  t o  e v a l u a t e  t h e i r  r e a d i n e s s  f o r  f l i g h t  demonstrat ion.  

To a n  e x t e n t  u n p a r a l l e l e d  i n  p rev ious  s a t e l l i t e  programs, c l o s e  coopera t ion  h a s  been maintained w i t h  ae rospace  
manufac ture rs ,  communications common c a r r i e r s ,  and u s e r  o r g a n i z a t i o n s  t o  ensure  t h a t  t h e  technology i n  t h e  30120 GHz 
program meets t h e  needs of t h e  Nation i n  s a t e l l i t e  communications. 

CHANGES FRCM FY 1981 BUDGET ESTIMATE: 

Wideband 30120 GHz p r o j e c t  d e f i n i t i o n  funds were i n c r e a s e d  by $700,000 i n  FY 1981 t o  permi t  i n c r e a s e s  i n  t h e  number of  
system d e f i n i t i o n  s t u d i e s  r e q u i r e d  t o  develop a l e s s- c o s t l y  s i n g l e  f l i g h t  demons t ra t ion  concept  i n  p l a c e  of t h e  two 
s e p a r a t e  f l i g h t  demons t ra t ions  p r e v i o u s l y  contemplated. A n  o f f s e t t i n g  r e d u c t i o n  i n  t h e  funding of advanced communi- 
c a t i o n s  r e s e a r c h  w a s  r e a l i z e d  by s m a l l  ad jus tments  i n  t h e  technology development t a s k s  performed under t h a t  a c t i v i t y .  
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BASIS FOB PY 1982 ESTIMA!l'E: 

The pr imary t h r u s t  of ARhDA con t inues  t o  b e  focused on t h e  enab l ing  technology r e q u i r e d  f o r  advanced 30120 GHz 
communication satelli te systems. 
FY 1982, and w i l l  be  d e l i v e r e d  f o r  l a b o r a t o r y  c o m p a t i b i l i t y  t e s t i n g .  
use  i n  a f l i g h t  demonstra t ion of an  advanced communications sa te l l i t e  later  i n  t h e  1980's w i l l  be  a s s e s s e d .  

Proof-of- concept models of a l l  components and subsystems w i l l  b e  completed dur ing  
Their r e a d i n e s s  and s u i t a b i l i t y  f o r  o p e r a t i o n a l  

Experiment Coordinat ion and Operat ions  Support  

1981 1982 
1980 Budget Current  Budget 

Actual  E s t i m a t e  E s t i m a t e  Es t imate  
(Thousands of D o l l a r s )  

Experiment c o o r d i n a t i o n  and o p e r a t i o n s  support......... 2,398 1,400 1,400 1,000 --- A p p l i c a t i o n s  p i l o t  test................................ 1,185 900 800 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3,583 2,300 2,200 1,000 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  o f  t h i s  program are t o  con t inue  experiment suppor t  f o r  ATS-1, -3, and -5; and t o  complete,  
a p p r o p r i a t e l y  document, and a r c h i v e  t h e  wide range of u s e r  experiments and demons t ra t ions  i n  t h e  a p p l i c a t i o n  of 
sa te l l i t e  communications. P a s t  exper iments  w i t h  NASA exper imenta l  sa te l l i tes  (ATS series and CTS) have genera ted  g r e a t  
i n t e r e s t  n a t i o n a l l y  and i n t e r n a t i o n a l l y  i n  sa te l l i t e  telecommunication. Nearly 400 communications experiments us ing t h e  
ATS series and CTS have been s u c c e s s f u l l y  conducted d u r i n g  t h e  extended l i f e t i m e s  of t h e s e  sa te l l i tes  t o  p rov ide  u s e r  
exper ience  f o r  making d e c i s i o n s  regard ing  t h e i r  communications f u n c t i o n s .  NASA's s t i m u l u s  i n  encouraging use  of t h e s e  
unique f a c i l i t i e s  h a s  l e d  t o  wider use  o f  commercial s a te l l i t e s ,  which can now b e t t e r  m e e t  needs  f o r  f l e x i b i l i t y  and 
c o n t i n u i t y  of services. Publ ic  service u s e r  exper iments  on ATS-6 and CTS were completed on June 30, 1979. Complete 
r e p o r t s  on  experiment r e s u l t s  w i l l  be  prepared f o r  use  by t h e  many i n t e r e s t e d  groups  t h a t  could  n o t  d i r e c t l y  
p a r t i c i p a t e .  
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CJUNGES PBon FY 1981 BUDGET ESTIMATE: 

The n e t  r e d u c t i o n  i n  FY 1981 of $100,000 i s  a r e s u l t  of t h e  o v e r a l l  Congressional  r educ t i on  i n  t h e  NASA a p p r o p r i a t i o n  
r eques t .  Current  FY 1981 a p p l i c a t i o n s  p i l o t  tes t  funds  are reduced from t h e  budget  estimate because several t a s k s  
planned f o r  implementat ion i n  FY 1981 were i n i t i a t e d  w i th  FY 1980 funding.  The a p p l i c a t i o n s  p i l o t  test program p l an  i s  
n o t  a f f e c t e d  by t h e s e  changes. 

BASIS OF FY 1982 BUDGET ESTIMATE: 

A c t i v i t y  i n  experiment suppor t  f o r  ATS-1 and - 3  w i l l  con t inue  i n  FY 1982, and f i n a l  engineer ing  tests f o r  ATS-5 w i l l  
b e  completed and r epo r t ed .  Appl ica t ions  p i l o t  test ac t iv i t i e s  w i l l  no t  be  cont inued i n  FY 1982; however, s e v e r a l  
r e l a t e d  p u b l i c  service s a t e l l i t e  a p p l i c a t i o n s  s t u d i e s  are planned, i nc lud ing  Ku-band (14/12 G H z )  s a te l l i t e  network 
development,  educa t i ona l  telecommunications a p p l i c a t i o n s ,  and t r a n s p o r t a b l e  Ear th  t e rmina l  mod i f i ca t i ons .  

Data S y s t e m s  Program 

1981 1982 
1980 Budget Current Budget 

Actual E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Appl ica t ions  d a t a  s e r v i c e  definition................... 2,245 3,000 3,000 --- 
Data management........................................ 855 1,600 1,500 --- 
Data systems program................................... --- --- --- 10,600 

Total................................................ 3,100 4,600 4,500 10,600 

ORJECTIVES AHD STATUS: 

The d a t a  management and a p p l i c a t i o n s  d a t a  s e r v i c e  d e f i n i t i o n  a c t i v i t i e s ,  c a r r i e d  as  s e p a r a t e  supplements i n  t h e  space  
communications r eques t  f o r  FY 1981, have been i n t e g r a t e d  i n t o  an  o v e r a l l  d a t a  systems program i n  t h e  space  communi- 
c a t i o n s  r e q u e s t  f o r  FY 1982. This  change i n t e g r a t e s  management of d a t a  systems r e s e a r c h  and development a c t i v i t i e s  
under one program wi th in  t h e  communications and informat ion  systems d i v i s i o n .  

The o v e r q l l  o b j e c t i v e s  of t h e  d a t a  systems program are t o  develop advanced c a p a b i l i t i e s  f o r  p rocess ing ,  managing and 
r e g i s t e r i n g  d a t a  and informat ion ;  implement d a t a  systems s t anda rds  and t r a n s p o r t a b l e  sof tware  systems t o  lower d a t a  
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system c o s t s ;  and develop a n  a p p l i c a t i o n s  d a t a  s e r v i c e  ( A D S )  t o  provide  improved a c c e s s  t o ,  and r a p i d  d e l i v e r y  o f ,  space  
a p p l i c a t i o n s  d a t a  and informat ion i n  suppor t  of t h e  Nation’s remote sens ing  program. 

The program prov ides  f o r  t ime ly  development o f  d a t a  systems c a p a b i l i t i e s  t o  m e e t  t h e  i n i t i a l  needs of  f l i g h t  miss ions  
and major a p p l i c a t i o n s  programs. This approach w i l l  reduce ground d a t a  systems development r i s k s  and t h e  inc idence  o f  
d a t a  system c o s t  over runs ,  schedu le  s l i p s  and l a te  d a t a  d e l i v e r y .  The r e s u l t s  of t h e  FY 1982 e f f o r t s  w i l l  provide  f o r  
an  earlier r e t u r n  on o u r  c o n s i d e r a b l e  investment i n  d a t a  a c q u i s i t i o n ,  w i l l  e s t a b l i s h  a f i r m  b a s i s  f o r  in te ragency  d a t a  
s h a r i n g ,  and w i l l  r e s u l t  i n  compat ible  d a t a  and d a t a  systems. An i n t e n s i v e  in te ragency  workshop w a s  conducted i n  FY 
1980 t o  d e f i n e  t h e  needed p i l o t  tests t h a t  w i l l  provide  t h e  b a s i s  f o r  t h e  e v o l u t i o n a r y  development of an ADS. P i l o t  
d a t a  system p r o j e c t s  were i n i t i a t e d  i n  FY 1980 (and w i l l  con t inue  d u r i n g  FY 1981) i n  t h e  atmospheres,  oceans  and 
r e s o u r c e s  d i s c i p l i n e s .  The p i l o t s  a r e  developing and demonstra t ing common approaches f o r  c a t a l o g i n g ,  p rocess ing ,  
managing, and r e g i s t e r i n g  m u l t i- d i s c i p l i n a r y  a p p l i c a t i o n s  d a t a .  

CHANGJ3S PBon FY 1981 BUDGET: 

The n e t  r e d u c t i o n  o f  $100,000 i s  a r e s u l t  of t h e  o v e r a l l  Congress ional  r e d u c t i o n  i n  t h e  FY 1981 NASA a p p r o p r i a t i o n  
r e q u e s t .  

BASIS FOR FY 1982 ESTlMATJ3: 

The FY 1982 d a t a  systems program w i l l  focus  on developing common d a t a  fo rmats ;  new and more uniform system approaches  
t o  c a t a l o g i n g ,  r e g i s t e r i n g ,  and managing space  a p p l i c a t i o n s  d a t a  and in fo rmat ion ;  t r a n s p o r t a b l e  so f tware  systems t o  
lower s o f t w a r e  c o s t s  and f o s t e r  t r a n s f e r a b i l i t y  o f  s o f t w a r e  packages between sys tems;  advanced h igh  speed p rocess ing  
sys tems and system concepts  t o  cope wi th  t h e  h i g h e r  volume d a t a  p rocess ing  requirements  of f u t u r e  miss ions ;  and use  of  
advanced t echno log ies  such as o p t i c a l  d i s k s  and f i b e r  o p t i c  telecommunication l i n k s  t o  lower c o s t s  f o r  d a t a  s t o r a g e ,  
d a t a  hand l ing  and r a p i d  d a t a  d e l i v e r y .  

The FY 1982 program a l lows  o r d e r l y  and s t e a d y  p r o g r e s s  toward e s t a b l i s h i n g  t h e  d a t a  system R6D b a s e  needed t o  improve 
c a p a b i l i t i e s  f o r  ana lyz ing ,  managing and exchanging d a t a  and informat ion i n  suppor t  of t h e  space  a p p l i c a t i o n s  pro- 
jects.  It a l lows  completion of  t h e  ADS d e f i n i t i o n  s t u d i e s ;  s u p p o r t s  t h e  c o n t i n u a t i o n  of t h e  t h r e e  e x i s t i n g  p i l o t  d a t a  
system p r o j e c t s  through complet ion;  p rov ides  f o r  t h e  i n t e r c o n n e c t i o n  of t h e  e x i s t i n g  p i l o t s  t o  form t h e  nuc leus  of an 
ADS; s u p p o r t s  near t e r m  implementation of advanced d a t a  systems technology; p rov ides  f o r  t e c h n i c a l  suppor t  of f l i g h t  
p r o j e c t s ;  c o n t i n u e s  h igh  p r i o r i t y  d a t a  management, d a t a  system s t a n d a r d s  and t r a n s p o r t a b l e  so f tware  r e s e a r c h  and de- 
velopment a c t i v i t i e s ;  and a l lows  t h e  d e f i n i t i o n  o f  j o i n t  p i l o t  ac t iv i t i e s  w i t h  t h e  Na t iona l  Bureau of Standards  and 
NOAA. The FY 1982 program a l s o  p r e p a r e s  t h e  groundwork l e a d i n g  t o  t h e  s o l u t i o n  of f u t u r e ,  high-volume d a t a  p rocess ing  
problems and t o  t h e  f u t u r e  implementation o f  a f u l l  c a p a b i l i t y  ADS. 
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RESEARCH AND DEVELOPLIEHT 

FISCAL YEAR 1982 ESTIMATES 

BUDGET SUMMARY 

OFFICE OF SPACE lLBD TgBBESTRIAL APPLICATIOBS TECHlVOLOGY UTILIZATIOB PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1981 
1980 Budget Current  

Actual  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Technology d i s semina t ion  ............................... 3. 700 4. 100 4. 000 
Technology a p p l i c a t i o n s  ................................ 4. 400 3. 800 3. 800 
Program e v a l u a t i o n  and suppor t  ......................... 1. 480 1. 600 1. 500 
Civi l  systems .......................................... 2. 400 2. 600 2. 500 

................................................ 12. 100 11. 800 Tota l  11. 980 

DISTRIBUTIOB OF PROGRAM AMOlJMT BY IHSTALLATION: 

Johnson Space .nter ................................... 
Kennedy Space Center  ................................... 
Marshal l  Space F l i g h t  Center ........................... 
Goddard Space F l i g h t  Center ............................ 
Jet Propuls ion  Laboratory .............................. 
Wallops F l i g h t  Center  .................................. 
Ames Research Center  ................................... 
Langley Research Center  ................................ 
L e w i s  Research Center  .................................. 
Headquarters  ........................................... 

Nat ional  Space Technology Labora to r i e s  ................. 

Dryden F l i g h t  Research Center .......................... 

10 
79 

392 
140 
759 

2. 261 
371 
869 

55 
7 00 
810 

5. 534 

150 
150 
490 

75 
550 

1. 590 
375 

1. 030 
50 

890 
750 

6. 000 

100 
100 
500 
150 
950 

1. 700 
120 
900 

37 
1. 000 

500 
5. 743 

................................................ 11. 800 T o t a l  11. 980 12. 100 

1982 
Budget Page 

E s t i m a t e  NO 

4. 600 RD 8-4 
5. 300 RD 8-4 
1. 800 RD 8-4 
2. 900 RD 8-5 

. 14. 600 , ...- 

150 
150 
540 
175 

1. 280 
1. 990 

375 
1. 250 

50 
890 
750 

7. 000 

14. 600 
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FISCAL YEAR 1982 ESTIMATES 

OFFICE OF SPACE AND TERRESTRIAL APPLICATIONS TECHNOLOGY UTlLIZATION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

Technology U t i l i z a t i o n  program o b j e c t i v e s  focus  on t h e  t r a n s f e r  of new knowledge and proven ae rospace  technology 
r e s u l t i n g  from NASA r e s e a r c h  and development programs f o r  a p p l i c a t i o n  and use  i n  t h e  p r i v a t e  and p u b l i c  s e c t o r s  of t h e  
United S t a t e s  economy. Important p u b l i c  s e c t o r  a r e a s  i n c l u d e  medicine,  t r a n s p o r t a t i o n ,  errvironment , urban development 
and p u b l i c  s a f e t y .  S p e c i f i c  program o b j e c t i v e s  a r e :  

e To a c c e l e r a t e  and f a c i l i t a t e  t h e  a p p l i c a t i o n  and u se  of new technology t h u s  sho r t en ing  t h e  t i m e  between g e n e r a t i o n  
of advanced a e r o n a u t i c s  and space  t e chno log i e s  and t h e i r  i n f u s i o n  i n t o  t h e  economy; 

e To encourage m u l t i p l e  secondary u s e s  of NASA technology i n  i n d u s t r y ,  educa t i on  and Government where a wide spectrum 
of t e chno log i ca l  problems and needs e x i s t ;  

To understand more f u l l y  t h e  technology t r a n s f e r  p rocess  and i t s  impact on t h e  economy, and t o  manage and opt imize  
t h e  process  i n  a sy s t ema t i c  way; and 

e To develop a p p l i c a t i o n s  of NASA's a e ro space  e x p e r t i s e  - i t s  technology,  t e c h n o l o g i s t s  and unique f a c i l i t i e s  - t o  
p r i o r i t y  nonaerospace needs of t h e  Nation. 

Aerospace technology i s  t r a n s f e r r e d  t o  t h e  p u b l i c  and p r i v a t e  s e c t o r s  of t h e  Nation's economy through a v a r i e t y  of  
e s t a b l i s h e d  mechanisms developed and managed under t h e  NASA Technology U t i l i z a t i o n  program. These mechanisms o r  p r o j e c t  
a r e a s  i nc lude :  p u b l i c a t i o n s  and  announcements, i n d u s t r i a l  a p p l i c a t i o n s  c e n t e r s ,  t h e  Computer Software kbnagement and  
Informat ion  Center  (COSMIC), S t a t e  technology a p p l i c a t i o n s  c e n t e r s ,  a p p l i c a t i o n s  t e ams /app l i ca t i ons  engineer ing  
p r o j e c t s ,  and  c i v i l  systems p r o j e c t s .  

OBJECTIVES AND STATUS: 

The NASA Tech B r i e f s  p u b l i c a t i o n s  cont inued t o  g e n e r a t e  cons ide rab l e  i n t e r e s t  i n  United S t a t e s  i n d u s t r y  l a s t  year  wi th  
n e a r l y  195,000 r e q u e s t s  rece ived  f o r  a d d i t i o n a l  t e c h n i c a l  in format ion  concerning new t echno log i e s  announced t h e r e i n .  
This  a c t l v i t y  was s l i g h t l y  h ighe r  t h a n  t h e  prev ious  year .  R e c i r c u l a r i z a t i o n  of t h e  Tech Br ie f  mai l ing  l i s t  has r e s u l t e d  
i n  a ne t  i n c r e a s e  of over  12,000 s u b s c r i b e r s  f o r  t h e  year .  
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United S t a t e s  i n d u s t r y  cont inued t o  receive e x t e n s i v e  t e c h n i c a l  i n f o r m t i o n  s e a r c h  and a s s i s t a n c e  service through t h e  
NASA-sponsored i n d u s t r i a l  a p p l i c a t i o n s  c e n t e r  and S t a t e  technology a p p l i c a t i o n s  c e n t e r  network. S i m i l a r l y ,  t h e  Computer 
S o f t w r e  Management and In fo rmat ion  Center (COSMIC) maintained a n  a c t i v e  and a g g r e s s i v e  computer program d i s semina t ion  
e f f o r t  dur ing  1980 w i t h  n e a r l y  $500,000 rece ived  from i n d u s t r i a l  u s e r s  through s a l e s  and l e a s e s  of computer so f tware .  
T o t a l  i n d u s t r i a l  income f o r  s e r v i c e s  rendered b y  t h e s e  c e n t e r s  ( inc lud ing  COSMIC) f o r  1980 reached $3.2 m i l l i o n  compared 
t o  $2.8 m i l l i o n  t h e  p rev ious  year .  Spec ia l  emphasis has been  p l a c e  on improving i n f o r m t i o n  d e l i v e r y  services f o r  small 
b u s i n e s s  dur ing  t h e  p a s t  yea r  through l o c a l  c o o p e r a t i v e  e f f o r t s  wi th  SBA-sponsored small b u s i n e s s  development c e n t e r s .  

Program e v a l u a t i o n  a c t i v i t i e s  des igned t o  ensure  and i n c r e a s e  e f f e c t i v e n e s s  of e x i s t i n g  t r a n s f e r  mechanisms were 
cont inued dur ing  t h e  p a s t  year .  Such e f f o r t s  a l s o  c o n t r i b u t e  t o  t h e  development of exper imental  p r o j e c t s  i n  technology 
t r a n s f e r .  A s  part of program e v a l u a t i o n  a c t i v i t i e s ,  evidence of technology t r a n s f e r  and i n d u s t r i a l  u t i l i z a t i o n  i s  
s y s t e m a t i c a l l y  documented and recorded,  and s e l e c t e d  c a s e s  a r e  publ ished and disseminated b r o a d l y  i n  t h e  annua l  
"Spinoff"  r e p o r t .  
and t h e  g e n e r a l  p u b l i c ,  and served t o  create b road  awareness of program a c t i v i t i e s  and NASA-sponsored technology 
t r a n s f e r  services. 

The Spinoff 1980 p u b l i c a t i o n  ach ieved  widespread accep tance  and i n t e r e s t  among i n d u s t r y ,  government, 

Over e i g h t y  a p p l i c a t i o n s  eng ineer ing  p r o j e c t s  f o r  a d a p t i n g  e x i s t i n g  a e r o s p a c e  technology t o  de f ined  needs i n  t h e  
p u b l i c  s e c t o r  were a c t i v e  l a s t  year .  
Department of Transpor ta t ion ,  t h e  Veterans  Admin i s t ra t ion ,  and t h e  Environmental P r o t e c t i o n  Agency. The p r o j e c t s  
inc lude :  
q u a l i t y  moni tor  f o r  EPA; and a n  a u t o m t i c  d e v i c e  t o  a i d  t h e  deaf b y  cueing speech being developed i n  con junc t ion  wi th  
Gal laudet  Col lege,  t h e  Na t iona l  I n s t i t u t e  of Heal th ,  and t h e  Veterans Adminis t ra t ion.  Continued e f f o r t  w i l l  b e  devoted 
t o  t h e  problems o f  t h e  handicapped, w i t h  s p e c i a l  emphasis p laced on developing a i d s  f o r  a s s i s t i n g  t h e  e l d e r l y .  

B n y  of t h e s e  p r o j e c t s  a r e  j o i n t l y  funded by  NASA and u s e r  a g e n c i e s  such a s  t h e  

t h e  p o r t a b l e  medical  s t a t u s  system developed f o r  t h e  United S t a t e s  Coast Guard; a h igh  r e l i a b i l i t y  water 

Current p r o j e c t s  i n  t h e  c i v i l  systems program i n c l u d e  completion of t h e  advanced ocean technology development p l a t f o r m  
(AOTDP) f o r  u s e  i n  e v a l u a t i n g  and g e n e r a t i n g  new deep ocean i n s t r u m e n t a t i o n  and s e n s o r s .  
s e n s o r s  w i l l  b e  used i n  s c i e n t i f i c  i n v e s t i g a t i o n  and e x p l o r a t i o n  of t h e  ocean f l o o r .  Test ing of t h e  AOTDP i s  be ing  
conducted w i t h  NOAA a s s i s t a n c e .  A systems d e s i g n  h a s  been  accomplished f o r  a sea  bed l a n d e r  a s  p a r t  of t h e  O f f i c e  of 
Naval Research/Woods Hole Oceanographic I n s t i t u t e  h i g h  energy b e n t h i c  boundary l a y e r  experiment (HEBBLE) . Development 
of t h i s  sea bed  l a n d e r  w i l l  f a c i l i t a t e  t h e  e x p l o r a t i o n  of t h e  b e n t h i c  boundry of t h e  ocean a t  dep ths  of 4,000 t o  6,000 
meters. F i e l d  tests on a n  opera t ing  water rec lamat ion  f a c i l i t y  were completed w i t h  t h e  Santa Clara Valley Distr ict .  

These new i n s t r u m e n t s  and 

CMGES FBODI J?Y 1981 BUDGET ESTIMATE: 

The d e c r e a s e  of $300,000 i n  FY 1981 i s  t h e  r e s u l t  of a n  w e r a l l  Congress ional  r e d u c t i o n  i n  t h e  FY 1981 a p p r o p r i a t i o n s  
r e q u e s t .  
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BMIS OF FY 1982 ESTIMATE: 
1981 1982 

1980 Budget Cur r e n t  Budget 
Actual  E s t i m a t e  Estimate E s t i m a t e  

(Thousands of D o l l a r s )  

T e c h n o l o w  M s s e m i n a t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3,700 4,100 4,000 4,600 

I n  FY 1982, NASA p l a n s  t o  ensure  t h e  cont inued v i a b i l i t y  of i t s  e f f o r t  t o  m e e t  t h e  Space A c t  mandate t o  provide  f o r  
t h e  widest  p r a c t i c a b l e  d i s semina t ion  of t e c h n i c a l  in fo rmat ion  de r ived  from NASA programs. The reques ted  budget w i l l  
provide  f o r  t h e  c o n t i n u a t i o n  of NASA Tech B r i e f s  p u b l i c a t i o n s  and d i s t r i b u t i o n  o f  t e c h n i c a l  suppor t  packages reques ted  
by indus t ry .  Improvements i n  in fo rmat ion  p roduc t s  and services f o r  i n d u s t r i a l  u s e r s  of t h e  NASA d i s semina t ion  c e n t e r  
network w i l l  a l s o  b e  provided.  
t r a n s f e r  services t o  s m a l l  b u s i n e s s  f i r m s  and companies i n  economically depressed r u r a l  areas w i l l  b e  cont inued a s  a 
means of developing v i a b l e  technology t r a n s f e r  models f o r  f u t u r e  implementation.  Such ac t iv i t i e s  w i l l  be  undertaken 
wi th  i n c r e a s i n g  coopera t ion  wi th  o t h e r  Federal  agenc ies  such as t h e  Economic Development Admin i s t ra t ion ,  t h e  Minor i ty  
Business Development Adminis t ra t ion,  and t h e  Small Business  Adminis t ra t ion.  

Se lec ted  exper imenta t ion  i n  providing in fo rmat ion  and d i s semina t ion  and technology 

Technology App l i c a t i o n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4,400 3,800 3,800 5,300 

In  FY 1982, NASA p l a n s  t o  con t inue  o p e r a t i o n  of i t s  s i x  a p p l i c a t i o n  teams t o  i d e n t i f y  n a t i o n a l  problems and needs 
which can b e  addressed through t h e  a p p l i c a t i o n  of aerospace technology and c a p a b i l i t i e s .  
p laced on problem i d e n t i f i c a t i o n  and s o l u t i o n  i n  environment,  water  q u a l i t y ,  and n a t i o n a l  d i s a s t e r  a s s i s t a n c e .  
Mul t iyear  a p p l i c a t i o n  p r o j e c t s ,  such a s  a programmable implan tab le  medicat ion system and a g a s  a n a l y s i s  ins t rument  f o r  
t o x i c  and hazardous waste  s i t e  survey w i l l  cont inue.  

Addi t iona l  emphasis w i l l  b e  

Program Evaluation and S u p p o r t . . . . . . . . . . . . . . . . . . . . . . .  1,480 1,600 1,500 1,800 

I n  FY 1982, NASA w i l l  con t inue  t o  e v a l u a t e  i t s  technology t r a n s f e r  program through t r a n s f e r  r e s e a r c h  and impact 
s t u d i e s .  
t h r u s t s  where ae rospace  technology may have p a r t i c u l a r  a p p l i c a b i l i t y .  B e n e f i t s  and economic impacts r e s u l t i n g  from NASA 
technology t r a n s f e r  programs w i l l  a l s o  be  analyzed,  documented and assessed  t o  determine what program changes need t o  be  
made t o  i n c r e a s e  t h e  e f f e c t i v e n e s s  of e x i s t i n g  t r a n s f e r  mechanisms. P u b l i c a t i o n  i n q u i r y  suppor t  and s c i e n t i f i c  and 
t e c h n i c a l  in fo rmat ion  (STI )  d a t a  b a s e  suppor t  f o r  t h e  NASA d i s semina t ion  c e n t e r  network w i l l  con t inue  a t  t h e  NASA S T I  
f a c i l i t y  . 

Spec ia l  s t u d i e s  w i l l  a l s o  be  undertaken t o  ana lyze  a r e a s  of  n a t i o n a l  need t o  b e t t e r  d e f i n e  f u t u r e  program 
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1981 1982 
1980 Budget Current  Budget 

Actual  Estimate E s t i m a t e  E s t i m a t e  
(Thousands of Do l l a r s )  

Civil ~etm.. . . . . . . . . . . . . . . . . . .C. . . . . . . . . . . . . . . . . . . .  2,400 2,600 2,500 2,900 

I n  FY 1982, NASA p l a n s  t o  con t inue  most of i t s  c i v i l  systems p r o j e c t s  a l r e a d y  i n i t i a t e d  wi th  o t h e r  Federa l  agenc ie s  
i nc lud ing ,  f o r  example, environmental  moni tor ing  and c o n t r o l ,  and a g r i c u l t u r a l  p r o d u c t i v i t y .  I n  a d d i t i o n ,  t h e  program 
w i l l  a l l ow f o r  a l i m i t e d  degree  of  f l e x i b i l i t y  i n  t h e  s e l e c t i o n  of  new p r o j e c t s  t h a t  e x p l o r e  i nnova t ive  a p p l i c a t i o n s  of  
aerospace-der ived  technology t o  o t h e r  nonaerospace- oriented d i s c i p l i n e s .  S p e c i f i c  p r o j e c t s  i nc lude  an  automated system 
t o  moni tor  water on  a r e g i o n a l  b a s i s ;  remote sens ing  of t h e  sea f l o o r ;  and development of an  underwater v e h i c l e  system 
t o  demonst ra te  a p p l i c a t i o n  of p ro to type  sona r s ,  s e n s o r s  and o t h e r  ocean in s t rumen t s  and d a t a  handl ing  subsystems 
r e s u l t i n g  from aerospace  technologies .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Programs 

FISCAL YEAR 1982 ESTIMATES 

RESEARCH AND DEVELOPMENT PLAN FOR AERONAUTICS AND SPACE TECHNOLOGY 

Budget Plan 

1980 Budget Current Budget 
Actual Estimate Estimate 

(Thousands of Dollars) 

1981 1982 

Estimate 

276,150 323 , 600 Aeronautical research and technolo g y . . . . . . . . . . . . . . . . . . .  308,300 290 , 300 

Space research and technology .......................... 115,586 115,200 110,700 141 , 000 
Energy technology ...................................... 3,000 4,000 3,900 4,400 

................................................ Total 426.886 499.500 390.750 469.ooo 

AST 1 





BESBhBcB AND DKVEUIPHKNT. 

FISCAL YEAR 1982 ESTIMATES 

BUDGET SIJMMARY 

OFFICE OF A E E O ~ I C S  bloD SPACE TECENOLWY AERONAUTICAL RESEARCB AND TECHNOLOGY PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1981 1982 
1980 Budget Current Budget Page 

Actual  Est imate  Estimate E s t i m a t e  NO 

(Thousands of D o l l a r s )  

........................... 160. 800 RD 9-5 13 1 .  100 134. 300 Research and technology b a s e  120. 767 
Systems technology programs 187. 533 144. 2 00 141. 850 162. 800 

................................................ 323 .  600 275. 300 276. 150 T o t a l  308.  300 

............................ RD 9-23 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center  ................................... 
Marshal l  Space F l i g h t  Center ........................... 
Jet Propu l s ion  Laboratory  .............................. 
Wallops F l i g h t  Center .................................. 
Ames Research Center ................................... 
Dryden F l i g h t  Research Center .......................... 
Lewis  Research Center .................................. 
Headquar ters  ........................................... 
Langley Research Center  ................................ 

745 
72 5 
780 
62 5 

50. 590 
12. 834 

120. 096 
117. 756 

4. 149 

T o t a l  ................................................ 308. 300 

2 00 
800 
800 
500 

52. 900 
13.  200 

102. 500 
101. 100 

3 .  3 00 

235.  300 

2 00 
700 
800 
600 

54. 3 0 0  
13.  300 

101. 400 
100. 600 

4. 250 

276. 150 

100 
800 

I .  000 
800 

91. 000 
17. 400 

11 1. 000 
97.  000 

4. 500 

323.  600 
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OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY 

RESEARCH AND DEVEMPMENT 

FISCAL YEAR 1982 ESTIMATES 

AERONAUTICAL. RESEARCB AND TECHNOLOGY PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The o b j e c t i v e s  of t h e  a e r o n a u t i c s  program a r e  t o  advance a e r o n a u t i c a l  technology t o  i n s u r e  s a f e r ,  more economical,  
e f f i c i e n t  and envi ronmenta l ly  a c c e p t a b l e  a i r  t r a n s p o r t a t i o n  systems which a r e  respons ive  t o  c u r r e n t  and p ro j ec t ed  
n a t i o n a l  needs;  t o  main ta in  t h e  s t rong  compe t i t i ve  p o s i t i o n  of t h e  United S t a t e s  i n  t h e  i n t e r n a t i o n a l  a v i a t i o n  
marketplace;  and ,  t o  suppor t  t h e  m i l i t a r y  i n  maintaining t h e  s u p e r i o r i t y  of t h e  Nation’s m i l i t a r y  a i r c r a f t .  

The FY 1982 program suppor t s  t h e s e  o b j e c t i v e s  by  providing f o r  technology advances i n  a l l  a e r o n a u t i c a l  d i s c i p l i n e s ,  
s t r e s s i n g  t h e  technology a r e a s  judged t o  b e  t h e  most c r i t i c a l  by in-house and e x t e r n a l  assessments ,  i n d u s t r y ,  adv i so ry  
groups ,  and  o t h e r  u s e r s  of technology w i t h i n  and o u t s i d e  t h e  Federa l  government. Emphasis w i l l  b e  placed on improving 
a i r c r a f t  energy e f f i c i e n c y  and performance, reducing n o i s e  and p o l l u t i o n ,  improving s a f e t y  and t e r m i n a l  a r ea  o p e r a t i o n s ,  
and advancing long-  and shor t- haul  a i r  t r a n s p o r t a t i o n  concepts .  A major new a c t i v i t y  i s  t h e  numerical  aerodynamic 
s imu la to r  which w i l l  permit t h e  United S t a t e s  t o  main ta in  a s u p e r i o r  computat ional  de s ign  c a p a b i l i t y .  

CHANGES FROM FY 1981 BUDGET ESTIMATE: 

The i n c r e a s e  of $850,000 i n  t h e  FY 1981 a e r o n a u t i c s  program funding r e f l e c t s  t h e  ne t  e f f e c t  of s e v e r a l  a c t i o n s .  The 
Congress i n i t i a l l y  provided a n  i nc rea sed  a p p r o p r i a t i o n  of $10.25 m i l l i o n  f o r  t h e  a e r o n a u t i c s  and space  technology 
programs. 
technology b a s e  f o r  a l t e r n a t i v e  f u e l s  and s t r a t e g i c  engine m a t e r i a l s  r e s e a r c h ,  $750,000 t o  g e n e r a l  aviat ion/commuter  
a i r c r a f t  p ropu l s ion  systems technology,  and $3.5 m i l l i o n  t o  h igh  tempera ture  engine  c o r e  technology ( v a r i a b l e  c y c l e ) .  
Subsequent ly,  a r educ t i on  t o  t h e  a e r o n a u t i c s  program of $ 6 . 4  m i l l i o n  was t aken  a s  a p a r t  of t h e  g e n e r a l  Congressional  
r educ t i on  i n  o v e r a l l  a p p r o p r i a t i o n  r eques t s .  This  r educ t i on  was a p p l i e d  t o  t h e  energy e f f i c i e n t  engine program, 
r e q u i r i n g  a rephasing of t h e  funding f o r  that program. 

$7.25 m i l l i o n  of t h i s  was a l l o c a t e d  t o  a e r o n a u t i c s ,  of which $3 m i l l i o n  was a p p l i e d  i n  t h e  r e sea rch  and 

I n  a d d i t i o n  t o  t h e  p rog rammt ic  changes mentioned a b w e ,  t h e  funding levels f o r  s e v e r a l  d i s c i p l i n e s  w i th in  t h e  
r e s e a r c h  and technology b a s e  have been  reba lanced  t o  focus  t h e  o p e r a t i o n a l  cos t  of s e l e c t e d  Ames Research Center 
a e r o n a u t i c a l  f a c i l i t i e s  by  speed regime. The low speed wind t u n n e l s ,  t h e  h igh  speed wind t u n n e l s ,  and  t h e  fundamental 
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low speed a i r c r a f t  o p e r a t i o n s  c o s t s  a r e  now, beginning wi th  N 1981, inc luded  i n  t h e  r e s p e c t i v e  h igh  speed and low speed 
d i s c i p l i n e s  w i t h i n  t h e  r e s e a r c h  and technology b a s e .  
p rocess  f o r  t h e  o p e r a t i o n a l  c o s t s  of t h e s e  n a t i o n a l  f a c i l i t i e s  which suppor t  important  NASA, DOD, and i n d u s t r y  r e s e a r c h  
and development a e r o n a u t i c a l  r e sea rch .  
n a r r a t i v e s  which fo l low.  

This change w i l l  improve t h e  management v i s i b i l i t y  and budget ing 

These changes a r e  addressed  more s p e c i f i c a l l y  i n  t h e  a p p r o p r i a t e  s e c t i o n s  of t h e  

BASIS OF FY 1982 ESTIMATE: 

The FY 1982 a c t i v i t i e s  a r e  des igned t o  main ta in  a s t r o n g  r e s e a r c h  and technology b a s e  i n  t h e  technology d i s c i p l i n e s  of 
aerodynamics,  p ropu l s ion ,  a v i o n i c s  and f l i g h t  c o n t r o l s ,  hwmn f a c t o r s ,  and m a t e r i a l s  and s t r u c t u r e s .  S t reng th  i n  t h i s  
fundamental  r e s e a r c h  and technology i s  e s s e n t i a l  t o  t h e  f u t u r e  development of new, improved a e r o n a u t i c a l  p roduc t s .  The 
a e r o n a u t i c s  program a l s o  p rov ides  focused technology development a c t i v i t y  f o r  each of t h e  m j o r  c l a s s e s  of a e r o n a u t i c a l  
v e h i c l e s .  

Transpor t  a i r c r a f t  technology e f f o r t s  w i l l  con t inue  toward t h e  g o a l  of p r w i d i n g  technology i n  t h e  1980's capab le  of 
major r e d u c t i o n s  i n  a i r c r a f t  f u e l  requirements .  I n  t h e  energy e f f i c i e n t  t r a n s p o r t  program, work w i l l  con t inue  wi th  t h e  
major t r a n s p o r t  a i r f r a m e  c o n t r a c t o r s  t o  develop and e v a l u a t e  advanced aerodynamic and a c t i v e  c o n t r o l  t echno log ies  f o r  
d e r i v a t i v e  and new subsonic  t r a n s p o r t  a i r c r a f t .  
reduced s t a t i c  s t a b i l i t y  concepts .  In t h e  laminar  f low c o n t r o l  program,, emphasis w i l l  con t inue  on development of wind 
t u n n e l  test c a p a b i l i t y ,  t h e  e v a l u a t i o n  of p r a c t i c a l  wing s u r f a c e  s t r u c t u r e s  and s u r f a c e  m a t e r i a 1  concepts  and 
p r e p a r a t i o n  f o r  f l i g h t  tests of wing l ead ing  edge laminar  f low g loves .  In t h e  composite primary a i r c r a f t  s t r u c t u r e s  
program, t h e  remaining medium-sized primary components w i l l  e n t e r  f l i g h t  t e s t i n g ,  and f a t i g u e  and environmental  l i f e  
tests w i l l  cont inue.  Subcomponent level  t e s t i n g  of key t echno log ies  f o r  l a r g e  s t r u c t u r e s  w i l l  b e  completed. A new 
follow-on e f f o r t ,  t h e  l a r g e  composite primary a i r c r a f t  s t r u c t u r e s  program w i l l  b e  i n i t i a t e d  i n  FY 1982. This e f f o r t  
w i l l  mwe toward t h e  r e s o l u t i o n  of c r i t i c a l  problems i n  t h e  des ign  and f a b r i c a t i o n  of v e r y  l a r g e ,  t h i c k ,  highly- loaded 
g r a p h i t e  component a i r c r a f t  s e c t i o n s .  The t e r m i n a l  conf igured v e h i c l e  program w i l l  emphasize f l i g h t  i n v e s t i g a t i o n s  of 
improved t e r m i n a l  a r e a  o p e r a t i o n s  through t h e  use  of advanced a v i o n i c s  systems. Avia t ion  s a f e t y  e f f o r t s  w i l l  con t inue  
p rogress  i n  t h e  development of c a b i n  m a t e r i a l s  t o  reduce c r a s h  f i r e  haza rds ,  s a f e  f u e l s ,  and t h e  e f f e c t s  of l i g h t n i n g ,  
i c i n g  and o t h e r  severe s torm hazards .  

Included a r e  wind t u n n e l  tests of advanced w i n g l e t s  and f l i g h t  tests of 

In t h e  r o t o r c r a f t  a r e a ,  inc reased  emphasis w i l l  b e  a p p l i e d  t o  r o t o r  system d e s i g n  methodology and l a r g e- s c a l e  t e s t i n g ,  
t o  technology f o r  h igh  speed r o t o r c r a f t  c o n f i g u r a t i o n  concep t s ,  and t o  p ropu l s ion  systems technology. Major r e s e a r c h  
and technology e f f o r t s  w i l l  con t inue  on r o t o r  aerodynamics and a c o u s t i c s ,  rotor/airframe/propulsion system i n t e r a c t i o n s ,  
s t r u c t u r a l  dynamics, advanced composite a p p l i c a t i o n s ,  f l i g h t  c o n t r o l s  and handl ing q u a l i t i e s ,  remote s i t e  guidance and 
n a v i g a t i o n  sys tems,  advanced d i s p l a y  and o t h e r  cockp i t  sys tems,  human f a c t o r  p i l o t  machine i n t e r f a c e s ,  and v i b r a t i o n  
reduc t ion .  F l i g h t  r e s e a r c h  w i l l  b e  cont inued u t i l i z i n g  t h e  r o t o r  systems r e s e a r c h  a i r c r a f t ,  t h e  XV-15 t i l t  r o t o r  
r e s e a r c h  a i r c r a f t ,  and a number of o t h e r  s p e c i a l l y  equipped h e l i c o p t e r s .  
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General  a v i a t i o n  r e s e a r c h  and  technology w i l l  con t i nue  t o  emphasize i n c r e a s e d  s a f e t y ,  improved u t i l i t y ,  and g r e a t e r  
energy e f f i c i e n c y .  P r i n c i p a l  a c t i v i t i e s  w i l l  i n c lude  s t a l l l s p i n  a l l e v i a t i o n ,  drag r educ t ion ,  engine and p r o p e l l e r  
improvements, and  i n v e s t i g a t i o n s  of a v i o n i c s  systems concepts  f o r  s a f e r  and s imp le r  s i n g l e  p i l o t  ope ra t i ons .  
The broad-based  V/STOL re sea rch  and technology w i l l  emphasize i n v e s t i g a t i o n  of p ropu l s ion  and a i r f r a m e  i n t e r f e r e n c e  
e f f e c t s  i n  b o t h  t h e  low speed V/STOL and  h igh  speed c ru i s e /manewer  f l i g h t  regimes. 
t h e  Quiet Short-Haul Research A i r c r a f t  (QSRA) f o r  development of Short Take-Off and  Landing (STOL) handling qua l i t i es  
c r i t e r i a  f o r  v e r y  h igh  l i f t  cond i t i ons .  

F l i g h t  r e s e a r c h  w i l l  con t inue  using 

Supersonic c r u i s e  r e s e a r c h  w i l l  con t i nue  i n  t h e  c r i t i c a l  d i s c i p l i n e  a r e a s  of aerodynamics,  m a t e r i a l s  and s t r u c t u r e s ,  
p ropu l s ion  i n t e g r a t i o n ,  and  systems i n t e g r a t i o n .  Emphasis w i l l  b e  placed on improved low speed and h igh  speed 
aerodynamic p e r f o r m  nce, advanced t i t a n i u m  s t r u c t u r a  1 f a b r i c a t i o n  techniques  , i n l e t- a  i r f  rame i n t e g r a  t i o n ,  advanced n o i s e  
supp re s s ion  t echno log i e s  and c o n f i g u r a t i o n ,  and t h e  r e l a t i o n s h i p s  of range and payload t o  t h e  economic v i a b i l i t y  of 
commercia 1 supe r son i c  f l i g h t .  

In  t h e  a r e a  of high-performance a i r c r a f t ,  e f f o r t s  w i l l  con t i nue  on two f l i g h t  a c t i v i t i e s  under t h e  j o i n t  NASA/Air 
Force Advanced F igh t e r  Technology I n t e g r a t i o n  (AFTI) p r o j e c t  involv ing  t h e  i n t e g r a t e d  d i g i t a l  f i r e l f l i g h t  c o n t r o l  system 
i n  t h e  AFTI/F-16 a i r c r a f t  and t h e  v a r i a b l e  camber miss ion  a d a p t i v e  wing on t h e  AFTI/F-111 a i r c r a f t .  
t h e  Highly Maneuverable A i r c r a f t  Technology (HiMAT) concepts  w i l l  con t i nue  using t h e  subsca l e  remotely- piloted r e sea rch  
v e h i c l e s  t o  e s t a b l i s h  v a l i d  f l i g h t  c h a r a c t e r i s t i c s  of h igh  r i s k s  technology.  

F l i g h t  t e s t i n g  of 

In  t h e  advanced p ropu l s ion  systems e f f o r t ,  i n t e g r a t e d  system tes ts  of t h e  high- spool components assembled i n  a g a s  
g e n e r a t o r  c o r e  engine  w i l l  b e  conducted i n  t h e  energy e f f i c i e n t  engine  program. The v a r i a b l e  c y c l e  engine  technology 
program w i l l  con t inue  t o  focus  on development and  demons t ra t ion  of t h e  c r i t i c a l  low-spool t e chno log i e s  unique t o  a 
v a r i a b l e  c y c l e  p ropu l s ion  system f o r  f u t u r e  advanced supe r son i c  c r u i s e  a i r c r a f t .  
e f f o r t  w i l l  f ocus  on t h e  de s ign  and f a b r i c a t i o n  of l a rge- sca l e  p r o p e l l e r s  and mod i f i ca t i on  of t h e  g a s  t u r b i n e  d r i v e  
system f o r  t h e  ground-based tes t  program. 

I n  t h e  advanced turboprop  program, 
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=IS OF FY 1982 FUNDING BEQUIBEWENTS: 

RESEARCH AND TECHNOLOGY BASE 

Aerodynamics r e s e a r c h  and technology..................... 
P ropu l s ion  r e s e a r c h  and technology....................... 
P k t e r i a l s  and s t r u c t u r e s  r e s e a r c h  and technology..  ....... 
H m n  f a c t o r s  r e s e a r c h  and technology..  .................. 
M u l t i d i s c i p l i n a r y  r e s e a r c h  and technology................ 
General  a v i a t i o n  r e s e a r c h  and technology..  ............... 
Avionics and f l i g h t  c o n t r o l  r e s e a r c h  and technology..  .... 

Low speed a i r c r a f t  r e s e a r c h  and technology..  ............. 
High speed a i r c r a f t  r e s e a r c h  and technology .............. 
Transpor t  a i r c r a f t  r e s e a r c h  and technology..  ............. 

Total.................................................. 

Aerodynamics Research and Technology.. ................... 

1980 
Actual  

22,587 
26,436 
16,077 

4,804 
5,872 
3 ,760 
7 ,009 

13,884 
13,846 

6,492 

120,767 

22,587 

1981 
Budget Current 

Est imate  E s t i m a t e  
(Thousands of D o l l a r s )  

24,800 
3 0,900 
17,800 

5,400 
6,500 
4,300 
7,500 

11,500 
15,300 

7,100 

23,200 
32 , 400 
19,300 

5,400 
6,500 
4,700 
7,500 

11,700 
16,500 

7,100 

131,100 134,300 

24,800 23,200 

1982 
Budget 

Est imate  

27,200 
36,800 
23,300 

7,100 
8,100 
5,900 
7,800 

15,200 
20,700 

8 ,700 

160,800 

27,200 

Page 
NO - 

RD 9- 5 
RD 9- 7 
RD 9- 9 
RD 9-12 
RD 9- 13 
RD 9-15 
RD 9-16 
RD 9-18 
RD 9-19 
RD 9- 21 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  o f  t h e  aerodynamics r e s e a r c h  and technology program i s  t o  develop a broad-based technology which w i l l  
i n c r e a s e  our  unders tanding and c a p a b i l i t y  t o  p r e d i c t  aerodynamic phenomena. This  o b j e c t i v e  i s  be ing  pursued through a n  
i n t e g r a t e d  approach invo lv ing  computat ional ,  a n a l y t i c a l ,  and exper imental  methods t o  enab le  aerodynamic o p t i m i z a t i o n  of 
advanced a i r c r a f t  dur ing t h e  e a r l y  des ign  s t a g e .  

The technology b a s e  i n  computat ional  f l u i d  dynamics cont inued t o  expand w i t h  a n  i n c r e a s e d  c a p a b i l i t y  t o  p r e d i c t  
r e a l i s t i c  f low over complex c o n f i g u r a t i o n  geomet r i e s .  During t h e  p a s t  y e a r ,  new numerical  methods based on v o r t e x  
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f i l amen t  t r a c i n g  w e r e  developed t o  s imu la t e  t u r b u l e n t  'hDursts" i n  laminar  f lows  and t o  i n v e s t i g a t e  three- dimensional  
t u r b u l e n t  spreading .  New methods have been developed f o r  gene ra t i ng  s o l u t i o n a d a p t i v e  coo rd ina t e  meshes f o r  use  i n  
f i n i t e  d i f f e r e n c e  s o l u t i o n s  of t h e  f l u i d  dynamics equa t ions .  A new h igh ly  a c c u r a t e  two-dimensional a i r f o i l  computer 
code was developed f o r  ana lyz ing  t r a n s o n i c  f low Over advanced s u p e r c r i t i c a l  a i r f o i l s .  Work was s t a r t e d  t o  develop and 
v e r i f y  three- dimensional  t r a n s o n i c  wing des ign  methodologies.  

A number of accomplishments have been  made i n  t h e  improvement of wind t u n n e l  test techniques  and i n s t rumen ta t i on  
development. 
which a d u a l  l a s e r  beam i n t e r f e r o m e t e r  measures t h e  change i n  t h i cknes s  of a t h i n  o i l  f i l m  which i s  sub j ec t ed  t o  a shea r  
stress. Also a long- range, h igh  r e s o l u t i o n ,  l aser- doppler  anemometer has been  developed which can  probe t h e  d e t a i l s  of 
t u r b u l e n t  boundary l a y e r s  and t h i n  wakes i n  l a r g e  wind t unne l s .  

A r a p i d  and convenient  method f o r  measuring s k i n  f r i c t i o n  on a wind t u n n e l  model has  been  developed i n  

CHANGES FROM FY 1981 BUDGET ESTIMATE: 

The dec rea se  of $1.6 m i l l i o n  p r imar i l y  r e f l e c t s  t h e  change i n  account ing  procedures  a t  Ames Research Center  which now 
c a p t u r e s  wind t u n n e l  o p e r a t i o n a l  c o s t s  under t h e  a p p r o p r i a t e  h igh  speed and low speed d i s c i p l i n e s .  

BA!XS OF FY 1982 ESTIMATE: 

Expanded e f f o r t  i n  computat ional  f l u i d  dynamics w i l l  con t inue  i n  FY 1982. E f f o r t s  w i l l  con t inue  i n  t h e  development of 
computat ional  methods t o  c a l c u l a t e  i n v i s c i d ,  l aminar  and t u r b u l e n t  f lows Over aerodynamic s u r f a c e s  wi th  r eg ions  of 
s e p a r a t i o n s  and  w i th  emphasis on t h e  t r a n s o n i c  speed regime. Increased  emphasis will b e  p laced  on t h e  development of 
t h r ee - d imens iona l  wind des ign  op t imiza t i on  methods and on i nco rpo ra t i ng  advanced v i s c o u s  modeling methods i n t o  e x i s t i n g  
three- dimensional  i n v i s c i d  wing a n a l y s i s  codes. 
c a l c u l a t i o n  of t u r b u l e n t  f low f o r  f i r s t  p r i n c i p l e s .  Methods w i l l  b e  developed f o r  t h e  g e n e r a t i o n  of a d a p t i v e  
computat ional  g r i d s  about  winds and b o d i e s  and  t o  i n t e g r a t e  t h e i r  use  i n t o  s t eady  and unsteady codes. 

Work w i l l  con t inue  i n  t h e  e f f o r t  t o  ana lyze  t u rbu l ence  through t h e  

Multielement a i r f o i l  r e s e a r c h  w i l l  i n c lude  t h e  d e t a i l e d  computat ional  and exper imenta l  i n v e s t i g a t i o n  of t h e  complex 
t r a i l i n g  edge flows. Laser in s t rumen ta t i on  w i l l  b e  u t i l i z e d  t o  a c q u i r e  da t a  that w i l l  a i d  i n  eva lua t i ng  t h e  
a p p l i c a b i l i t y  of Reynolds stress models f o r  t h e s e  t u r b u l e n t  wake f lows.  A more i n t e n s i v e  r e s e a r c h  program i n  wake 
v o r t e x  hazard  a l l e v i a t i o n ,  i n  coope ra t i on  w i th  t h e  Fede ra l  Avia t ion  Adminis t ra t ion ,  w i l l  focus  on aerodynamic des ign  
informat ion  t o  minimize wake v o r t e x  e f f e c t s  a t  t h e  sou rce  w i th  minimum d e l e t e r i o u s  e f f e c t s  on performance and noise .  I n  
FY 1982, wake v o r t e x  r e sea rch  w i l l  emphasize fundamental s t u d i e s  i n  v o r t e x  phys i c s  which w i l l  b e  a p p l i e d  l a t e r  t o  t h e  
development of a l l e v i a t i o n  dev i ce s  and procedures .  

The development of non in t ru s ive  f low measurement methods and  i n s t rumen ta t i on  w i l l  b e  pursued i n  FY 1982. This  
i n c l u d e s  such a r e a s  a s  ho lographic  i n t e r f e r o m e t r y ,  l a s e r  ve loc ime t ry  and i n f r a r e d  photography. These developments a r e  
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designed t o  p rov ide  da ta  o the rwise  unob ta inab le ,  t o  i m p r w e  da ta  c o l l e c t i o n  e f f i c i e n c y ,  and t o  g a t h e r  data  i n  a form 
more amenable t o  on- l ine  a n a l y s i s .  
concen t ra ted  on computer code v a l i d a t i o n ,  h igh  i n c i d e n c e  forebody v o r t e x  f low problems and t h e  use  of 
a i r f r a m e / p r o p u l s i o n  b lend ing  t echn iques  t o  p r w i d e  a da ta  b a s e  f o r  more e f f i c i e n t  hypersonic  aerodynamic c o n f i g u r a t i o n s .  

Work on t h e  i n t e g r a t i o n  of theory  and experiment w i l l  con t inue ,  wi th  emphasis 

Research and technology a c t i v i t y  w i l l  con t inue  i n  t h e  development of c ryogen ic  test technology f o r  f u l l - s c a l e  Reynolds 
number s i m u l a t i o n .  I n t e n s i v e  e f f o r t s  i n c l u d e  model c o n s t r u c t i o n ,  i n s t r u m e n t a t i o n  development, and p r e s s u r i z e d  cryogenic  
wind t u n n e l  c o n t r o l  and opera t ion .  Emphasis w i l l  b e  g i v e n  t o  t h e  development of t echn iques  and dev ices  t h a t  w i l l  r educe  
wind t u n n e l  f low i n t e r f e r e n c e s .  Research on a d a p t i v e  walls and magne t i ca l ly  suspended models w i l l  b e  included t o  permit  
t h e  t e s t i n g  of l a r g e r  models w i t h  g r e a t e r  accuracy  and reduced c o s t s .  

Exp lo ra t ion  of v i s c o u s  drag r e d u c t i o n  schemes f o r  b o t h  laminar  and t u r b u l e n t  f lows w i l l  b e  cont inued and t h e  most 
promising w i l l  b e  s t u d i e d  i n  depth.  I n  p a r t i c u l a r ,  s u r f a c e  geometry m o d i f i c a t i o n s ,  such a s  l o n g i t u d i n a l  s t r i a t i o n s ,  
have shown p o t e n t i a l  f o r  economically important  t u r b u l e n t  s k i n  f r i c t i o n  r e d u c t i o n s .  

1981 1982 
1980 Budget Current Budg et 

Actual  E s t i m a t e  Est imate  E s t  irna t e 
(Thousands of D o l l a r s )  

36,800 Propu l s ion  r e s e a r c h  and technology..  . . . . . . . . . . . . . . . . . . . . . 26,436 30,900 32,400 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  of t h e  p ropu l s ion  r e s e a r c h  and  technology program a r e  t o  i n c r e a s e  a i r c r a f t  p ropu l s ion  system 
e f f i c i e n c y ;  t o  i m p r w e  engine  performance; t o  reduce f u e l  consumption and dependence on r i g i d  f u e l  p roper ty  
s p e c i f i c a t i o n s ;  t o  improve  t h e  r e l i a b i l i t y  and d u r a b i l i t y  of eng ine  components; t o  reduce eng ine  n o i s e  and exhaust  
p o l l u t i o n  t o  environmental ly  a c c e p t a b l e  levels which a r e  economically and o p e r a t i o n a l l y  sound; and t o  e v a l u a t e  t h e  
p o t e n t i a l  of advanced new propu l s ion  system concepts .  
components, c o n t r o l  systems, f u e l s ,  computat ional  methods, i n s t r u m e n t a t i o n ,  emiss ions ,  and no i se .  These a c t i v i t i e s  
advance t h e  technology that s u p p o r t s  p ropu l s ion  system improvements f o r  a l l  v e h i c l e  a p p l i c a t i o n s  ranging from small, 
g e n e r a l  a v i a t i o n  a i r c r a f t ,  t o  commercial t r a n s p o r t s  and h e l i c o p t e r s ,  t o  m i l i t a r y  a i r c r a f t  of a l l  types .  This program 
a l s o  p r a v i d e s  a technology b a s e  i n  n o i s e  and emiss ions  f o r  use  by  t h e  government i n  e s t a b l i s h i n g  a i r c r a f t  environmental  
r e g u l a t i o n s .  

The e f f o r t s  i n c l u d e  r e s e a r c h  on g a s  p a t h  components, mechanical  
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The cont inu ing  emphasis on i n t e r n a l  computat ional  f l u i d  mechanics focus ing  on computer modeling of t h e  f low f i e l d s  i n  
compressors and t u r b i n e s  has r e s u l t e d  i n  t h e  t r a n s f e r  of s o p h i s t i c a t e d  computer codes t o  i n d u s t r y  a long  w i th  procedures  
f o r  au toma t i c  g e n e r a t i o n  of computat ional  g r i d s .  Progress  h a s  been  made i n  i d e n t i f y i n g  and c h a r a c t e r i z i n g  fundamental 
mechanisms r e s p o n s i b l e  f o r  t h e  g e n e r a t i o n  of f a n  no i se .  I n v e s t i g a t i o n s  of t h e  no i s e  r e d u c t i o n  b e n e f i t s  of mixer 
nozz l e s ,  thermoacous t ic  s h i e l d s ,  and  shock wave c o n t r o l  have been  conducted. Turbomachinery components r e s e a r c h  
con t inues  t o  exp lo re  b a s i c  f l u i d  mechanics and  hea t  t r a n s f e r  f o r  improving performance and e f f i c i e n c y  of f a n s ,  
compressors ,  and  t u r b i n e s .  Concepts t o  improve f u e l  a tomiza t i on  and mixing i n  premixed, p revapor ized  combustors have 
been  eva lua t ed  t o  enhance f u e l  f l e x i b i l i t y .  I n  a d d i t i o n ,  a s  p a r t  of t h e  f u e l s  c h a r a c t e r i z a t i o n  e f f o r t s ,  g a s  
chromatograph a n a l y s e s  have been  a b l e  t o  d e t e c t  s p e c i f i c  chemical p rope r ty  changes t h a t  improve t h e  thermal  s t a b i l i t y  of 
f u t u r e  f u e l s .  I n  N 1981 a d d i t i o n a l  Congressional  funding permi ts  i nc r ea sed  a l t e r n a t i v e  a i r c r a f t  f u e l s  r e s e a r c h  which 
w i l l  i a e n t i f y  t h e  a i r c r a f t  engine  and  f u e l  systems a f f e c t e d  by  u se  of f u e l s  de r ived  from heavy c rude  o i l ,  o i l  s h a l e ,  and 
coa l .  S tud i e s  w i l l  b e g i n  t o  compare t h e  c o s t s  of a d d i t i o n a l  ref inement  of t h e  f u e l s  a s  compared t o  t h e  cos t  of 
modifying engine  components t o  accep t  a l t e r n a t e  f u e l s .  

CBANGES FROM IT 1981 BUDGET ESTTMqTES: 

The i n c r e a s e  of $1.5 m i l l i o n  was provided by  t h e  Congress f o r  a l t e r n a t i v e  f u e l s  r e s e a r c h  i n  FY 1981. 

W I S  OF FY 1982 ESTIMATE: 

The e f f o r t  i n  a i r c r a f t  a l t e r n a t i v e  f u e l s  technology which r e s u l t e d  from a d d i t i o n a l  cong re s s iona l  funding f a r  FY 1981, 
w i l l  con t inue  a t  t h e  same level of funding t o  provide  a n  understanding of c r i t i c a l  t e chno log i e s  i n  a i r c r a f t  engine and 
f u e l  systems which would b e  a f f e c t e d  by  t h e  f u e l s  de r ived  from heavy c rude  o i l ,  o i l  shale, and coa l .  Ref inery  t r a d e o f f  
s t u d i e s  w i l l  a l s o  b e  cont inued and  t h e  da t a  b a s e  i n  f u e l s  c h a r a c t e r i z a t i o n  w i l l  b e  expanded. 

In FY 1982, n o i s e  r educ t i on  r e s e a r c h  w i l l  exp lo re  fundamental i n v e s t i g a t i o n s  t o  i d e n t i f y  and  c h a r a c t e r i z e  e lementa l  
no i s e%ene ra t i ng  mechanisms a s s o c i a t e d  w i th  v a r i o u s  engine  sources .  Ana ly t i ca l  models of f a n  and turboprop  n o i s e  
g e n e r a t i o n  w i l l  b e  developed and techniques  f o r  j e t  n o i s e  r educ t i on  through u s e  of mixers ,  thermoacous t ic  s h i e l d s ,  and 
shock wave c o n t r o l  w i l l  con t inue  w i th  emphasis on i n t e r r e l a t i o n s h i p s  between aerodynamic performance and no i se .  

Research on i n l e t s  and nozz l e s  w i l l  c o n c e n t r a t e  on development and  v e r i f i c a t i o n  of a n a l y t i c a l  t echniques  which w i l l  
i n c o r p o r a t e  l o c a l i z e d  i n t e r n a l  f low phenomena. New three- dimensional  computer codes w i l l  b e  used t o  i .mres t iga te  new 
i n l e t  concepts  which could r e s u l t  i n  s u p e r i o r  a i r c r a f t  performance. 

Research i n  computat ional  f l u i d  mechanics w i l l  con t inue  t h e  development of advanced computer codes which model t h e  
i n t e r n a l  f low performance i n  advanced g a s  t u r b i n e  engines .  
f o r  t r a n s o n i c  f low and i n t e r a c t i v e  p a r a b o l i c  matching techniques  f o r  t h r ee - d imens iona l  v i s c o u s  f lows.  

FY 1982 code development w i l l  emphasize i m r i s c i d  s o l u t i o n s  
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Improving performance and e f f i c i e n c y  of commercial and m i l i t a r y  tu rbofan  eng ines  w i l l  r e q u i r e  h i g h e r  o p e r a t i n g  
t empera tu res  and p ressures .  
r e c w e r y ,  s c a l i n g ,  and stage-matching t echn iques .  Turbine r e s e a r c h  w i l l  focus  on fundamental  hea t  t r a n s f e r  and f l u i d  
mechanics exper iments  w i t h  emphasis on f low t r a n s i t i o n ,  s e p a r a t i o n ,  mixing, and on r o t a t i o n a l  e f f e c t s .  

Research i n  f a n s  and compressors i n  N 1982 w i l l  focus  on unsteady aerodynamics,  s t a l l  

I n  N 1982, i n s t r u m e n t a t i o n  r e s e a r c h  w i l l  c o n c e n t r a t e  on measurement t echn iques  i n  h igher  p r e s s u r e  and t empera tu re  
environments.  
i n t r u s i v e  t echn iques  f o r  g a s  p a t h  flow measurement and v i s u a l i z a t i o n  w i l l  b e  emphasized. 

I d e n t i f i c a t i o n  and i n c o r p o r a t i o n  of advanced m t e r i a l s  i n t o  i n s t r u m e n t a t i o n  and a p p l i c a t i o n  of non- 

Advanced p ropu l s ion  r e s e a r c h  w i l l  con t inue  t o  pursue a c t i v i t i e s  t o  g a i n  a n  unders tanding of t h e  fundamental p r o c e s s e s  
a s s o c i a t e d  w i t h  hypersonic  propuls ion.  
combusting f low character is t ics .  
f a b r i c a t e d  and i n i t i a l l y  t e s t e d  i n  FY 1982. 

Computational methods a r e  be ing  developed and v a l i d a t e d  t o  p r e d i c t  t u r b u l e n t  
A second g e n e r a t i o n  superson ic  combustion ramjet  has been  des igned and w i l l  b e  

Power t r a n s f e r  r e s e a r c h  w i l l  con t inue  e v o l u t i o n a r y  technology improvements i n  g e a r s ,  seals, b e a r i n g s ,  and l u b r i c a n t s  
f o r  advanced g a s  t u r b i n e  and power t r a n s m i s s i o n  system a p p l i c a t i o n s .  
unders tanding t h e  b a s i c  l u b r i c a t i o n  and wear mechanisms a s s o c i a t e d  wi th  h igh  speed b e a r i n g  e lements .  

I n c r e a s i n g  emphasis w i l l  be placed on 

1981 
1980 Budget Current 

1982 
Budg e t  

Est imate  E s t i m a t e  Estimate A c t u a l  
(Thousands of D o l l a r s )  

M a t e r i a l s  and s t r u c t u r e s  r e s e a r c h  and technology..  . . . . . . . 16,077 17,800 19,300 23,3 00 

OBJEcTIvgS h STATUS: 

The o b j e c t i v e s  of t h e  m a t e r i a l s  and s t r u c t u r e s  r e s e a r c h  and technology program a r e  t o  develop and c h a r a c t e r i z e  
advanced m e t a l l i c ,  ceramic ,  polymer and composite m a t e r i a l s ;  t o  develop s t r u c t u r a l  concepts  and des ign  methods t o  p e r m i t  
t h e  u s e  of advanced m a t e r i a l s  i n  a i r c r a f t ;  t o  develop a n a l y t i c a l  and exper imenta l  methods f o r  determining t h e  behav io r  
of a i r c r a f t  s t r u c t u r e s  i n  f l i g h t  environments;  and t o  g e n e r a t e  r e s e a r c h  data  t o  promote improvements i n  p e r f o r m n c e ,  
s a f e t y ,  d u r a b i l i t y ,  and economy. Areas of emphasis i n c l u d e  h igh  temperature  eng ine  and a i r f r a m e  m a t e r i a l s  and  
s t r u c t u r a l  concep t s ;  composite m t e r i a l s  a p p l i c a t i o n ,  l i f e  p r e d i c t i o n ,  t h e r m 1  and dynamic response ,  and a e r o e l a s t i c i t y ;  
and more a c c u r a t e  and e f f i c i e n t  i n t e g r a t e d  d e s i g n  methods f o r  a i r f r a m e s  and engines .  
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Improvements a r e  be ing  made i n  t h e  p r o p e r t i e s  of s e v e r a l  metal  a l l o y s ,  ce ramics ,  and composites that promise i nc r ea sed  
performance, lower c o s t ,  and e f f i c i e n c y  i n  g a s  t u r b i n e s  and a i r c r a f t  s t r u c t u r e s  i nc lud ing  r e sea rch  r e s u l t i n g  from 
a d d i t i o n a l  Congressional  funding i n  FY 1981 t o  reduce t h e  use  of s t r a t e g i c  c o b a l t ,  columbium, and tan ta lum i n  g a s  
t u r b i n e s .  Advances a r e  a l s o  be ing  made i n  t h e  c a p a b i l i t y  t o  p r e d i c t  t h e  l i f e  of composites and meta l s  which w i l l  
improve t h e  r e l i a b i l i t y  of a e r o n a u t i c a l  systems. I n  composite s t r u c t u r a l  a p p l i c a t i o n s ,  concepts  f o r  improving damage 
t o l e r a n c e  by means of b u f f e r  s t r i p s ,  bonded s t r i n g e r s ,  and t r ans l amina r  s t i t c h i n g  have been  v a l i d a t e d ,  and e f f o r t s  t o  
develop tougher  r e s i n s  have r e s u l t e d  i n  t h e  i d e n t i f i c a t i o n  and i n i t i a l  assessment  of promising composi t ions,  such a s  
rubber- toughened epoxy, novel  one-phase thermose ts ,  and modified t he rmop la s t i c s .  

Data gene ra t ed  i n  FY 1980 dur ing  f l i g h t  e v a l u a t i o n  of a n  a c t i v e  f l u t t e r  supp re s s ion  system on a r e s e a r c h  wing w i l l  b e  
c r i t i c a l l y  a s s e s s e d  and c o r r e l a t e d  wi th  wind t u n n e l  da ta  a n a l y t i c a l  p r e d i c t i o n s  p r i o r  t o  resumption of t h e  f l i g h t  
program i n  t h e  l a t t e r  p a r t  of  FY 1981. The "decoupler pylon" concept f o r  m i l i t a r y  a i r c r a f t  s t o r e s  f l u t t e r  a l l e v i a t i o n  
has been  v a l i d a t e d  i n  wind t u n n e l  t e s t s  and p l ans  f o r  follow-on f l i g h t  e v a l u a t i o n  a r e  be ing  formulated.  

CEANGES FROM FY 1981 BUDGET ESTIMATES: 

The i n c r e a s e  of $1.5 m i l l i o n  r e f l e c t s  a d d i t i o n a l  funds provided by Congress f o r  s t r a t e g i c  engine  m a t e r i a l s  r e s e a r c h  i n  
FY 1981. 

BASIS OF FY 1982 ESTIMATE: 

Research on h igh  tempera ture  m a t e r i a l s  w i l l  con t i nue  t o  emphasize improving t h e  s t r e n g t h  and s e r v i c e  l i f e  o f  g a s  
t u r b i n e  m t e r i a l s .  During N 1982, m a t e r i a l s  p rocess ing  and des ign  technology w i l l  con t inue  t o  b e  developed f o r  a n  
ox ide  d i s p e r s i o n  a l l o y  and a t ungs t en  f i b e r  r e in fo rced  supe ra l l oy  which have p o t e n t i a l  f o r  hollow t u r b i n e  b l a d e  
a p p l i c a t i o n s .  A tes t  program w i l l  b e  c a r r i e d  out  on a low c o s t ,  dua l  p rope r ty  d i s k  a l l o y  having improved mechanical 
p r o p e r t i e s .  Basic  r e sea rch  on t h e  mechanisms of co r ro s ion  and ox ida t i on  of t u r b i n e  a l l o y s  w i l l  con t inue .  Ceramic 
m t e r i a l s  w i l l  con t inue  t o  b e  developed,  wich emphasis on improving h igh  tempera ture  s t r e n g t h  and impact r e s i s t a n c e .  I n  
FY 1981, Congress provided a d d i t i o n a l  funds t o  f i n d  ways t o  reduce our  r e l i a n c e  on u n s t a b l e  f o r e i g n  sou rce s  of m a t e r i a l s  
which a r e  c u r r e n t l y  e s s e n t i a l  t o  t h e  f a b r i c a t i o n  of g a s  t u r b i n e  engines.  I n  FY 1982, a c t i v i t y  t o  reduce t h i s  s t r a t e g i c  
material usage i n  g a s  t u r b i n e  a l l o y s  by  a l l o y  s u b s t i t u t i o n ,  improved p roces s ing ,  coa t i ng  development,  and r e sea rch  i n  
i n t e r m e t a l l i c s  a s  replacements  w i l l  con t i nue  a t  t h e  FY 1981 funding level. Research w i l l  con t inue  on t h e  f a t i g u e  and 
f r a c t u r e  behav io r  of m e t a l l i c ,  ceramic,  and composite m a t e r i a l s  i n  b o t h  ben ign  and a c t i v e  environments.  Research w i l l  
b e  a c c e l e r a t e d  t o  extend e x i s t i n g  l i f e  p r e d i c t i o n  techniques  and a n a l y s e s  i n t o  t h e  v i s c o e l a s t i c  regime. S tudies  w i l l  
con t inue  on t h e  mechanism of hydrogen embr i t t l ement  of steels wi th  t h e  o b j e c t i v e  of developing hydrogen- res i s tan t  
a l l o y s .  To p r e d i c t  service d u r a b i l i t y  of composi tes ,  a damage growth law w i l l  b e  developed. Research on composi tes  
w i l l  con t inue  t o  b e  emphasized i n  t h e  development of s t i f f ,  l i gh twe igh t ,  s t r u c t u r a l  m a t e r i a l s .  New o p p o r t u n i t i e s  f o r  
i nc r ea sed  weight sav ings  using advanced powder meta l lu rgy  aluminium a l l o y s  w i l l  b e  explored .  I n  FY 1982, s t u d i e s  w i l l  
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con t inue  on low c o s t  f a b r i c a t i o n  p rocesses  and  a p p l i c a t i o n s  of composites i n  fixed-wing a i r c r a f t .  
b e  placed on methods f o r  e v a l u a t i n g  and i n c r e a s i n g  t h e  d u r a b i l i t y  and damage t o l e r a n c e  of composite components. 
Explora tory  r e s e a r c h  w i l l  b e  cont inued on new r e s i n s  t h a t  w i l l  p e r m i t  t h e  development of tougher ,  impact r e s i s t a n t ,  more 
p rocessab le  composites.  The f a b r i c a t i o n  and e v a l u a t i o n  of advanced composites f o r  h igh  performance engine  b l a d e s  w i l l  
con t inue  i n  FY 1982. A data  b a s e  and fundamental  unders tanding w i l l  con t inue  t o  b e  developed f o r  t h e  combustion 
c h a r a c t e r i s t i c s  and t h e  thermochemical, thermophysical ,  and photochemical p r o p e r t i e s  of new and advanced polymers. 

Study emphasis w i l l  

I n  l o a d s ,  dynamics, and a e r o e l a s t i c  r e s e a r c h ,  t h e  N 1982 program w i l l  con t inue  t o  develop and v a l i d a t e  improved 
unsteady aerodynamics p r e d i c t i o n  methods, w i t h  major emphasis on t h e  t r a n s o n i c  speed range,  based on b o t h  frequency and 
t i m e  domain computat ional  t echn iques .  
t u r b i n e  eng ine  f a n s ,  compressors and t u r b i n e  b l a d e s ,  and v a l i d a t e d  b y  means of exper imental  data  from wind t u n n e l s ,  s p i n  
r i g s ,  cascade  r i g s ,  and f l i g h t  tests .  Concepts f o r  a c t i v e  and p a s s i v e  c o n t r o l  of a e r o e l a s t i c  behav io r  w i l l  b e  developed 
and v a l i d a t e d .  Methods f o r  t h e  p r e d i c t i o n  and c o n t r o l  of s t r u c t u r e - b o r n e  a i r c r a f t  i n t e r i o r  n o i s e  w i l l  a l s o  b e  
developed. Transpor t  c r a s h  dynamics s t u d i e s  w i l l  con t inue  beyond t h e  s u r v i v a b l e  c r a s h  s c e n a r i o  d e f i n i t i o n s  being 
pursued i n  E'Y 1981 t o  develop modeling t echn iques  f o r  c r a s h  response  p r e d i c t i o n  and t o  d e f i n e  component and s c a l e d  model 
tests f o r  concep t s  and p r e d i c t i o n  methods v a l i d a t i o n .  

A e r o e l a s t i c  a n a l y s i s  t o o l s  w i l l  b e  developed f o r  a p p l i c a t i o n  t o  wings and t o  

Development of i n t e g r a t e d  a n a l y s i s l s y n t h e s i s  methods i n  FY 1982 w i l l  focus  on methods f o r  s imul taneous  o p t i m i z a t i o n  o f  
t h e  s t r u c t u r a l  and aerodynamic c o n f i g u r a t i o n s  and performance a t t r i b u t e s  of a i r f r a m e s  that i n c o r p o r a t e  new techno log ies  
such a s  a c t i v e  c o n t r o l s  and advanced composite m a t e r i a l s .  An ongoing program t o  develop a p ro to type  f i n i t e  element 
computat ional  d e v i c e  using microprocessor  components w i l l  b e  continued toward hardware demonstra t ion i n  N 1982. 

High t empera tu re  s t r u c t u r e s  r e s e a r c h  w i l l  con t inue  t o  develop n o n l i n e a r  a n a l y s i s  methods f o r  p r e d i c t i n g  t h e  response  
of a i r f r a m e  components t o  t r a n s i e n t  thermal  l o a d s ,  and f o r  p r e d i c t i n g  t h e  u s e f u l  s t r u c t u r a l  l i f e  of t u r b i n e  engine  ho t  
s e c t i o n  components. Concepts f o r  improving t h e  t h e r m o s t r u c t u r a l  e f f i c i e n c y  of such s t r u c t u r e s  w i l l  con t inue  t o  b e  
developed and v a l i d a t e d .  
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1981 1982 
1980 Budget Current Budget 

Estimate Actual  Es t imate  E s t i m a t e  
(Thousands of D o l l a r s )  

Avionics  and f l i g h t  c o n t r o l  r e s e a r c h  and technology..  . . . . 4,804 5,400 5,400 7,100 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  a v i o n i c s  and  c o n t r o l s  r e s e a r c h  and  technology program i s  t o  support  t h e  development of advanced 
e l e c t r o n i c s  f o r  a p p l i c a t i o n s  t o  b o t h  c i v i l  and  m i l i t a r y  a v i a t i o n .  Major e f f o r t s  a r e  d i r e c t e d  toward enhancing u t i l i t y ,  
s a f e t y  and  e f f i c i e n c y ,  wh i l e  reducing c o s t s ,  i n  t h e  a r e a s  of nav iga t ion /guidance ,  crew s t a t i o n  technology,  a i r c r a f t  
c o n t r o l s ,  and systems i n t e g r a t i o n  techniques .  

A spectrum of nav iga t i on  i s  be ing  i n v e s t i g a t e d  f o r  t h e  development of concepts  f o r  use  i n  improving t r a f f i c  f low i n  
t h e  n a t i o n a l  a i r s p a c e  system. Cooperat ive tests wi th  t h e  Department of T ranspo r t a t i on  and t h e  S t a t e  of Vermont a r e  
be ing  completed t o  e v a l u a t e  t h e  use  of LORAN-C f o r  a i r c r a f t  o p e r a t i o n s  i n  mountainous a r e a s .  Based on p re l im ina ry  
f l i g h t  test r e s u l t s ,  t h e  system's performance exceeded FAA requirements  f o r  n a v i g a t i o n a l  a ccu racy  i n  t h e s e  remote 
a r e a s .  S t u d i e s  and l a b o r a t o r y  s imu la t i ons  a r e  be ing  conducted t o  e s t a b l i s h  t h e  minimum requi rements  f o r  a s a t e l l i t e -  
based  nav iga t i on  system f o r  a broad spectrum of c i v i l  u s e r s  and a p p r o p r i a t e  antenna des igns  a r e  be ing  eva lua ted .  
Development of advanced weather r a d a r  technjlques i s  cont inu ing  f o r  d e t e c t i n g  en rou t e  t u rbu l ence  a s  w e l l  a s  wind-shear 
nea r  a i r p o r t s .  I n  t h e  crew s t a t i o n  technology a r e a ,  "hot bench" and l i g h t n i n g  l a b o r a t o r y  e v a l u a t i o n s  a r e  be ing  
conducted on promising f l a t  pane l  d i s p l a y  media f o r  a p p l i c a t i o n  t o  advanced crew s t a t i o n  des igns .  

The c u r r e n t  t a s k s  i n  c o n t r o l s  and systems i n t e g r a t i o n  technology a r e  focused on t h e  development of u l t r a h i g h  r e l i a b l e  
a r c h i t e c t u r e  and  techniques  f o r  a p p l i c a t i o n  t o  f u t u r e  a i r c r a f t  systems. A c o n t r o l  system technique  involv ing  a s p e c i a l  
f i l t e r  d e s i g n  was r e c e n t l y  demonstrated and p r w e d  h igh ly  s u c c e s s f u l  i n  enhancing a p i l o t ' s  a b i l i t y  t o  c o n t r o l  a n  
a i r c r a f t  under h igh  stress landing  cond i t i ons .  This  technique  i s  be ing  a p p l i e d  t o  t h e  S h u t t l e  and  w i l l  form t h e  b a s i s  
f o r  a p p l i c a t i o n  t o  o t h e r  v e h i c l e s .  Laboratory a n a l y s e s  of f a u l t  t o l e r a n t  computer de s igns  a r e  be ing  conducted and 
methods of de te rmin ing  t h e i r  s u s c e p t a b i l i t y  t o  l ightning- induced t r a n s i e n t s  a r e  under development. A conceptua l  de s ign  
of a h i g h l y  r e l i a b l e  f l i g h t  c o n t r o l  system based  on t h e  use  of microprocessors  i s  be ing  completed and t h e  development of 
a p r e l im ina ry  d e t a i l e d  de s ign  i s  be ing  i n i t i a t e d .  Methods f o r  t h e  i n t e g r a t i o n  of f l i g h t  c o n t r o l s ,  p ropu l s ion  and o t h e r  
system f u n c t i o n s  a r e  be ing  developed f o r  t h e  fo rmu la t i on  of a f u l l y  i n t e g r a t e d  system des ign  i nc lud ing  l o g i c a l  p roces se s  
f o r  d e c i s i o n  making, r e sou rce  management, and f a u l t  d e t e c t i o n  and r e s o l u t i o n .  Coupled t o  t h i s  e f f o r t  i s  t h e  development 
of system r e l i a b i l i t y  assessment  t o o l s .  
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BASIS FOR ET 1982 ESTIMATES: 

Indep th  assessment  of t h e  a v i o n i c s  and  c o n t r o l s  r e s e a r c h  and technology program i n d i c a t e s  promising o p p o r t u n i t i e s  t o  
i m p r w e  a i r c r a f t  e f f i c i e n c y ,  extend o p e r a t i o n a l  c a p a b i l i t y ,  and i m p r w e  s a f e t y  through t h e  a p p l i c a t i o n  of advanced 
technology. While t h e r e  has  been  a p r o l i f e r a t i o n  of c o n t r o l  systems, computers and e l e c t r o n i c  d e v i c e s  t o  i m p r w e  
a i r c r a f t  performance,  i n c r e a s e d  emphasis is needed i n  t h e  f u n c t i o n a l  and p h y s i c a l  i n t e g r a t i o n  of c o n t r o l s  and a v i o n i c s  
hardware and s o f t w a r e  t o  p rov ide  e f f i c i e n t  d e s i g n s  that w i l l  improve t h e  o p e r a t i o n a l  c o s t  and o v e r a l l  system 
performances. Closely  coupled i s  t h e  requirement f o r  h i g h l y  r e l i a b l e  a r c h i t e c t u r e  t o  h a s t e n  t h e  technology t r a n s f e r  and 
implementat ion of t h e s e  i n n o v a t i v e  a r c h i t e c t u r e s .  I n  a d d i t i o n ,  a b e t t e r  unders tanding of t h e  e f f e c t s  of l i g h t n i n g  
s t r i k e s  on e l e c t r o n i c  systems i s  necessa ry  t o  a s s u r e  d i g i t a l  system c o m p a t i b i l i t y  and t o  p rov ide  c i r c u i t  "hardening" 
p r o t e c t i v e  t echn iques  a s  r equ i red .  The FY 1982 program w i l l  focus  on t h e s e  technology needs.  

1981 1982 
1980 Budget Current Budg et 

Actual  E s t i m a t e  Estimte Est imate  
(Thousands of D o l l a r s )  

Humn f a c t o r s  r e s e a r c h  and technology..  . . . . . . . . . . . . . . . . . . 5,872 6,500 6,500 8,100 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  human f a c t o r s  r e s e a r c h  and technology program i s  t o  p rov ide  a r e s e a r c h  and technology b a s e  f o r  
s o l u t i o n s  t o  t h e  human f a c t o r s  problems which i n f l u e n c e  t h e  growth,  e f f i c i e n c y ,  and s a f e t y  of a i r  t r a n s p o r t a t i o n .  
program h a s  t h r e e  a r e a s  of emphasis: 

The 
f l i g h t  management, f l i g h t  s i m u l a t i o n  technology,  and  human response  t o  no i se .  

I n  t h e  a r e a  of f l i g h t  management, c i r c a d i a n  desynchronosis  r e s e a r c h  has t r a n s i t i o n e d  from t h e  d e f i n i t i o n a l  t o  t h e  
o p e r a t i o n a l  s t a g e .  
t o  t h e  community and a s c e r t a i n  a c t u a l  crew rest and d i e t a r y  p a t t e r n s .  
expanded r e s e a r c h  program i n  F;Y 1982 i n c l u d i n g  l a b o r a t o r y  and s i m u l a t i o n  i m r e s t i g a t i o n s .  A j o i n t  NASA/FAA Cockpit 
Display of T r a f f i c  I n f o r m t i o n '  (CDTI) program p l a n  has been s igned and development of a g e n e r i c  cand ida te  d i s p l a y  format 
h a s  been  completed. Simulat ion e v a l u a t i o n s  of p i l o t s '  c a p a b i l i t y  t o  perform a p p r o p r i a t e  t a s k s  whi le  monitoring t h e  
d i s p l a y  a r e  underway. The e f f e c t s  of sensor  n o i s e ,  s i z e  of d i s p l a y  and v a r i o u s  c a n d i d a t e  procedures  a r e  a l s o  being 
s t u d i e d .  NASA's p o r t i o n  of t h e  j o i n t  NASA/FAA Head Up Display (HUD) r e s e a r c h  program w i l l  b e  completed i n  FY 1981. 
Full-mission s i m u l a t i o n  e v a l u a t i o n s  of a i r  c a r r i e r  p i l o t s '  a b i l i t y  t o  u s e  HUD a s  a primary landing a i d  have been  
completed and f , indings  were communicated t o  t h e  a v i a t i o n  community. The FAA w i l l  now perform f l i g h t  tests of t h e  NASA 
developed HUD d i s p l a y  concept.  The human f a c t o r s  g u i d e l i n e s  f o r  Head Up Displays  w i l l  serve a s  a primary inpu t  t o  t h e  

A c t i v i t y  i s  underway t o  d i s t i l l  a v a i l a b l e  p r a c t i c a l  knowledge from t h e  l i t e r a t u r e  and d i s semina te  i t  
These a c t i v i t i e s  w i l l  p rovide  a data  b a s e  f o r  a n  
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FAA i n  t h e  de s ign  of i t s  HUD c e r t i f i c a t i o n  procedures  a s  w e l l  a s  t o  HUD manufac turers ,  t h e  a i r c r a f t  manufac turers ,  and 
t h e  a i r l i n e s .  

The s i m u l a t i o n  technology program emphasis i n c l u d e s  v a l i d a t i o n  of a model of mot ion /v isua l  cue i n t e r a c t i o n  which ho lds  
t h e  promise of providing t h e  b a s i s  f o r  s i g n i f i c a n t  i n c r e a s e s  i n  s imu la t i on  f i d e l i t y  a t  reduced c o s t ;  and ,  i n v e s t i g a t i o n  
of t h e  f e a s i b i l i t y  of r ep l ac ing  a l l  a i r c r a f t  t i m e  w i th  s imu la to r  t i m e  i n  t h e  t r a n s i t i o n  t r a i n i n g  of a i r l i n e  p i l o t s .  

b j o r  t h r u s t s  i n  r e s e a r c h  on human response  t o  a i r c r a f t  n o i s e  a r e :  (1) a j o i n t  NASAIFAA community survey of annoyance 
a t  f l y o v e r s  of v a r i o u s  t y p e s  of a i r c r a f t  a t  d i f f e r e n t  t i m e s  of t h e  day; and,  ( 2 )  a j o i n t  NASAIEPA i n v e s t i g a t i o n  of t h e  
c o s t s  and b e n e f i t s  of v a r i o u s  a l t e r n a t i v e s  f o r  a l l e v i a t i n g  t h e  impact of a i r c r a f t  n o i s e  on communities. 

BASIS OF Fy 1982 ESTIMATE: 

I n  N 1982, t h e  f l i g h t  management r e s e a r c h  program w i l l  emphasize C D T I ,  a i r c r e w  performance and advanced crew s t a t i o n  
human f a c t o r s .  The j o i n t  NASA/FAA C D T I  program w i l l  move from Phase  I ,  i n  which s t u d i e s  were l i m i t e d  t o  s i n g i e  
s imu la to r  i n v e s t i g a t i o n s  of t h e  " p i l o t  a s  monitor" concept ,  t o  Phase I1 which w i l l  encompass m u l t i p l e  s imu la to r  s t u d i e s  
of p i l o t  a b i l i t y  t o  use  t h e  CDTI  t o  assume c e r t a i n  a i r  t r a f f i c  c o n t r o l  f u n c t i o n s .  A primary emphasis of t h e  work w i l l  
b e  a n  i n v e s t i g a t i o n  of t h e  i n t e r a c t i v e  e f f e c t s  of C D T I  w i th  o t h e r  planned i nnova t ions  such a s  c o l l i s i o n  avoidance  
systems and au toma t i c  t r a f f i c  a & i s o r y  and r e s o l u t i o n  s e r v i c e .  

I n  t h e  a r e a  of a i r c r a f t  performance, e f f o r t s  i n  crew r e sou rce  management and  c i r c a d i a n  desynchronosis  w i l l  i n c r e a s e  
t h e  knowledge of t h e  causes  of human e r r o r  i n  a v i a t i o n ,  e s p e c i a l l y  a s  i t  r ega rds  d e c i s i o n  making and problem so lv ing  
under stress. Pre l iminary  d e f i n i t i o n  work on crew re sou rce  management i n  FY 1980 and l i n e  o r i e n t e d  f l i g h t  t r a i n i n g  i n  
FY 1981 w i l l  evolve i n t o  l a b o r a t o r y  and s imu la t i on  i n v e s t i g a t i o n s .  Increased  emphasis w i l l  b e  placed on t h e  g e n e r a t i o n  
of c r e w  workload and  performance measures. Ci rcad ian  desynchronosis  work w i l l  a l s o  focus  on l a b o r a t o r y  i n v e s t i g a t i o n s  
and a p p r o p r i a t e  f i e l d  s t u d i e s  of t h e  e f f e c t s  of t h e  d i e t a r y  and rest p a t t e r n s  of a i r l i n e  crews. These e f f o r t s  a r e  
designed t o  a s s e s s  t h e  range and e x t e n t  of c i r c a d i a n  desynchronosis  e f f e c t s ,  develop methods of minimizing t h o s e  
e f f e c t s ,  and  determine crew t o l e r a n c e  limits. 

Advanced crew s t a t i o n  human f a c t o r s  e f f o r t s  w i l l  emphasize t h e  g e n e r a t i o n  of g u i d e l i n e s  f o r  a i r c r a f t  systems and 
o p e r a t i o n s  t o l e r a n t  t o  human e r r o r  based on earlier exp lo ra to ry  work de f in ing  t h e  proper  r o l e  of automation i n  t h e  
cockpi t .  Candidate  au tomat ion  g u i d e l i n e s  w i l l  b e  eva lua t ed  under c o n t r o l l e d  c o n d i t i o n s  i n  h i g h- f i d e l i t y ,  ful l- workload 
s imu la to r s  w i th  i n t e g r a t e d  a i r  t r a f f i c  c o n t r o l  s imu la t i on .  Condit ions which l e d  t o  a c c i d e n t s  w i l l  b e  r e c r e a t e d  through 
s imu la t i on ,  and  t h e  e f f e c t s  of v a r i o u s  degrees  and  t y p e s  of  au tomat ion  w i l l  b e  s t ud i ed .  
b e  a n  i n v e s t i g a t i o n  of t h e  r o l e s  of a i r c r a f t  crews under cond i t i ons  of i nc r ea sed  automation.  

A c o r o l l a r y  of t h i s  work w i l l  
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Flighr:  s i m u l a t i o n  r e s e a r c h  i n  Fi 1982 w i l l  p repare  t h e  way f o r  t h e  mul t icab s i m u l a t i o n  f a c i l i t i e s  be ing  developed a t  
Ames Research Center ( t h e  Man-Vehicle Systems Research F a c i l i t y ,  MVSRF) and a t  Langley Research Center ( t h e  Mission 
Oriented Terminal Area Simulat ion,  MOTAS). Research w i l l  a d d r e s s  t h e  development of r e s e a r c h  methodologies which can 
t a k e  maximum advantage of t h e  new multicab c a p a b i l i t y .  
t o  e x p l o r e  new techno log ies  f o r  i n c r e a s i n g  s i m u l a t i o n  f i d e l i t y  w i l l  cont inue.  

I n  a d d i t i o n ,  our  ongoing development of p i l o t / s i m u l a t o r  models 

Human response  t o  n o i s e  r e s e a r c h  i n  FY 1982 w i l l  c o n c e n t r a t e  on two needs.  The f i r s t  i s  t h e  development of schemes t o  
minimize t h e  n o i s e  impact around commercial jet  a i r p o r t s  through improved o p e r a t i n g  procedures .  "his w i l l  b e  accom- 
p l i s h e d  through t h e  refinement of t h e  a i r p o r t  n o i s e  level and annoyance model. The second a r e a  w i l l  b e  a concen t ra ted  
e f f o r t  t o  b e t t e r  unders tand t h e  e f f e c t s  of n o i s e  on people  i n  a i r p o r t  communities through d i r e c t  measurement of n o i s e  
from a i r c r a f t  f l y w e r s  t o g e t h e r  wi th  s imul taneous  s u b j e c t i v e  measurements of annoyance. 

1981 1982 
1980 Budget Current Budget 

A c t  ua 1 Estimate Estimte E s t i m a t e  
(Thousands of D o l l a r s )  

M u l t i d i s c i p l i n a r y  research............................... 3,760 4,300 4,700 5,900 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  m u l t i d i s c i p l i n a r y  r e s e a r c h  program i s  t o  conduct novel ,  long- range,  h i g h  r i s k  b a s i c  r e s e a r c h  
i n v e s t i g a t i o n s  i n  engineer ing and p h y s i c a l  s c i e n c e s  r e l a t e d  t o  a e r o n a u t i c s .  This  r e s e a r c h  i s  conducted p r i n c i p a l l y  a t  
u n i v e r s i t i e s  through: (1) t h e  fund f o r  independent r e s e a r c h ,  which suppor t s  u n s o l i c i t e d  p roposa l s  and p roposa l s  
r ece ived  i n  response  t o  announcements of r e s e a r c h  o p p o r t u n i t i e s  in s p e c i f i c  a r e a s ,  such a s ,  boundary layer- shock wave 
i n t e r a c t i o n s ,  t u r b u l e n t  s t r u c t u r e  i n  a f r e e  s h e a r  l a y e r ,  mean r a t e  of energy t r a n s f e r  i n  t u r b u l e n c e ,  i n v e s t i g a t i o n  of 
l a s e r s  f o r  t u r b u l e n c e  measurement, v a p o r i z a t i o n  of d r o p l e t s ,  f low over a c a v i t y ,  e t c . ;  ( 2 )  t h e  g r a d u a t e  program i n  
a e r o n a u t i c s ,  which s u p p o r t s  g r a d u a t e  s t u d i e s  where t h e  t h e s i s  r e s e a r c h  i s  performed, a t  l e a s t  i n  p a r t ,  a t  a NASA 
r e s e a r c h  c e n t e r  us ing NASA f a c i l i t i e s ;  ( 3 )  t h e  p o s t - b a c c a l a u r e a t e  program, which s u p p o r t s  g r a d u a t e  s tudy  a t  t h e  masters 
level inc lud ing  s i g n i f i c a n t  r e s e a r c h  exper ience  a t  a NASA r e s e a r c h  c e n t e r ;  ( 4 )  t h e  computat ional  f l u i d  dynamics (CFD) 
t r a i n i n g  program i n i t i a t e d  i n  FY 1980, which s u p p o r t s  t h e  es tab l i shment  of ba lanced  CFD t r a i n i n g  programs i n  s e l e c t e d  
u n i v e r s i t i e s ;  a n d ,  (5 )  t h e  b a s e  l e v e l  suppor t  f o r  t h e  J o i n t  I n s t i t u t e  f o r  Advancement of F l i g h t  Sciences  (JIAFS), t h e  
George Washington Univers i ty  program a t  t h e  Langley Research Center.  
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C M G E S  FROM FY 1981 BUDGET ESTIMATE: 

The i n c r e a s e  of $400,000 r e f l e c t s  t h e  t r a n s f e r  of a d d i t i o n a l  funding f o r  t h e  pos t- bacca laurea te  program from t h e  
a e r o n a u t i c a l  systems s t u d i e s  program element.  
t h e  performance of r e s e a r c h  a t  NASA r e s e a r c h  c e n t e r s ,  and  thereby  promotes a sou rce  of new r e s e a r c h e r s  i n  t h e  NASA 
program a c t i v i t i e s .  

This  h igh  p r i o r i t y  program invo lves  masters-level g r a d u a t e  s t u d e n t s  i n  

BASIS OF FY 1982 ESTIMATE: 

The fund f o r  independent r e s e a r c h  w i l l  con t inue  a t  t h e  ongoing l e v e l  of suppor t  i n  b a s i c  r e s e a r c h  a t  u n i v e r s i t i e s .  
The p rev ious ly  mentioned programs suppor t ing  g r a d u a t e  educa t i on  i n  a e r o n a u t i c s  w i l l  b e  i nc r ea sed  s u b s t a n t i a l l y  t o  
encourage more eng inee r s  t o  e n t e r  t h e  a e r o n a u t i c s  p r o f e s s i o n  by  o f f e r i n g  g r e a t e r  o p p o r t u n i t i e s  f o r  them t o  t r a i n  w i th  
NASA s e n i o r  r e s e a r c h  s t a f f  members a t  t h e  r e s e a r c h  c e n t e r s .  

1981 1982 
1980 Budget Current Budget 

A c t u a l  Es t imate  Estimate E s t i m a t e  
(Thousands of D o l l a r s )  

General a v i a t i o n  r e s e a r c h  and technology..  . . . . . . . . . . . . . . . 7,009 7,500 7,500 7,800 

OBJECTIVI$S AND STATUS: 

The o b j e c t i v e  of t h e  g e n e r a l  a v i a t i o n  r e s e a r c h  and technology program i s  t o  p rov ide  t h e  technology b a s e  f o r  a ch i ev ing  
important  improvements i n  g e n e r a l  a v i a t i o n  a i r c r a f t  s a f e t y ,  u t i l i t y ,  and energy e f f i c i e n c y .  M u l t i d i s c i p l i n a r y  i n  
n a t u r e ,  t h e  program encompasses aerodynamics (performance, s t a b i l i t y ,  and c o n t r o l ) ,  m a t e r i a l s  and  s t r u c t u r e s ,  p ropu l s ion  
and f u e l s ,  a v i o n i c s  and human f a c t o r s .  

S t a l l / s p i n  program o b j e c t i v e s  i n c l u d e  developing a c c u r a t e  a n a l y t i c a l  t e chn iques  f o r  p r e d i c t i n g  a i r c r a f t  s t a l l l s p i n  
c h a r a c t e r i s t i c s ,  and r e l i a b l e  de s ign  methods f o r  a ch i ev ing  d e s i r e d  s t a l l l s p i n  c h a r a c t e r i s t i c s  i n  new a i r c r a f t .  
cont inued on s t a l l l s p i n  behavior  of l i g h t  single engine  a i r c r a f t ,  w i th  emphasis on t h e  i n f l u e n c e  of wing lead ing  edge 
mod i f i ca t i ons  on s t a l l s  and unrecoverab le  s p i n  modes. 
government e x p e r t s  was held .  Drag r e d u c t i o n  r e s e a r c h  inc luded  cool ing  drag  of a i r- coo led  engines  and s t u d i e s  of n a t u r a l  
l aminar  f low a i r f o i l s  s u i t a b l e  f o r  g e n e r a l  a v i a t i o n .  P repa ra t i ons  w e r e  made f o r  ins t rumented  f l i g h t  tests on a n  e a r l y  
n a t u r a l  l aminar  f low a i r f o i l  wing des ign  f o r  exper imenta l  c o r r e l a t i o n  w i th  r e c e n t  a n a l y t i c a l  methods, and t o  p r epa re  f o r  

Research 

A s t a l l l s p i n  workshop a t t e n d e d  by  i n d u s t r y ,  u n i v e r s i t y ,  and  
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f u t u r e  improved des igns .  P ropu l s ion  r e s e a r c h  inc luded  low speed p r o p e l l e r s  and i n t e r m i t t e n t  combustion engines .  F l i g h t  
tests confirmed new low n o i s e  d e s i g n  methods f o r  p r o p e l l e r s .  Laboratory  tests confirmed t h e  f e a s i b i l i t y  of d e s i g n  
m o d i f i c a t i o n s  t o  c e r t a i n  e x i s t i n g  spa rk- ign i t ed  r e c i p r o c a t i n g  a i r c r a f t  eng ines  f o r  near- term improvements i n  f u e l  
consumption, and p r e p a r a t i o n s  f o r  f l i g h t  tests were completed. A computer code f o r  ana lyz ing  i n t e r m i t t e n t  combustion 
and thermodynamic p rocesses  was completed. S t u d i e s  of advanced a i r c r a f t  eng ines ,  b o t h  spa rk- ign i t ed  and d i e s e l ,  
i n d i c a t e d  t h e  f e a s i b i l i t y  of 30 t o  50 percen t  improvements i n  f u e l  e f f i c i e n c y  over today 's  eng ines ,  t o g e t h e r  wi th  
m u l t i f u e l  c a p a b i l i t i e s ,  low weigh t s ,  and low f r o n t a l  a r e a s .  I n  s t r u c t u r e s  r e s e a r c h ,  t e s t s  of energy absorb ing  load- 
l i m i t i n g  a i r c r a f t  seat concepts  were completed and i n v e s t i g a t i o n s  begun on t h e  dynamic load- l imi t ing  c h a r a c t e r i s t i c s  of 
s e l e c t e d  f u s e l a g e  s u b f l o o r  s t r u c t u r e s .  S t u d i e s  t o  d e f i n e  composite s t r u c t u r e s  m a t e r i a l s  and methods b e s t  s u i t e d  f o r  
l i g h t  a i r c r a f t  a r e  a l s o  being undertaken.  I n  t h e  a r e a  of o p e r a t i o n s  and s a f e t y ,  a n  automated p i l o t  a d v i s o r y  system 
s u i t a b l e  f o r  g e n e r a l  a v i a t i o n  a i r p o r t s  not  equipped wi th  c o n t r o l  towers  was s u c c e s s f u l l y  demonstrated i n  p u b l i c  
o p e r a t i o n a l  tests a t  t h e  F ~ M s ~ ~ s ,  Virg in ia  a i r p o r t .  Other a v i o n i c s  and human f a c t o r s  r e s e a r c h  continued on 
i n s t r u m e n t a t i o n ,  d i s p l a y s ,  p i l o t  f u n c t i o n s ,  f l i g h t  o p e r a t i o n s  and procedures  aimed a t  improved g e n e r a l  a v i a t i o n  
o p e r a t i o n a l  s a f e t y  and u t i l i t y ,  p a r t i c u l a r l y  under ins t rument  f l i g h t  r u l e  c o n d i t i o n s .  Research on t h e  fundamentals of 
a e r i a l  a p p l i c a t i o n  of a g r i c u l t u r a l  m a t e r i a l s  inc luded  wind t u n n e l  and f l i g h t  e v a l u a t i o n s  of wake m o d i f i c a t i o n  d e v i c e s  
(wing le t s )  t o  improve swath un i fo rmi ty  and c o n t r o l .  

BASIS FOR FY 1982 ESTIMATE: 

S t a l l / s p i n  r e s e a r c h  w i l l  b e  extended t o  twin  eng ine  a i r c r a f t  and unconvent ional  c o n f i g u r a t i o n s ,  and a d d i t i o n a l  e f f o r t  
a p p l i e d  towards b a s i c  a n a l y t i c a l  procedures  and d e s i g n  methods. A wing g l o v e  embodying a new n a t u r a l  laminar  f low 
a i r f o i l  will b e  b u i l t  and f l i g h t  t e s t e d  t o  i m r e s t i g a t e  three- dimensional e f f e c t s  and a c t u a l  f l i g h t  environment 
i n f l u e n c e s .  
i n s t a l l a t i o n  drag.  I n  s t r u c t u r e s ,  f u r t h e r  development of c r a s h  energy absorb ing ,  load- l imi t ing  s t r u c t u r a l  a n a l y s i s  and 
d e s i g n  methods w i l l  proceed,  and a r e s e a r c h  program f o r  composite s t r u c t u r e s  t a i l o r e d  t o  t h e  t e c h n i c a l  and economic 
requirements  o f  l i g h t  a i r c r a f t  w i l l  b e  developed. 
eng ines ,  w i t h  i n c r e a s e d  levels of e f f o r t  which w i l l  subsequent ly  culminate  i n  exper imental  v e r i f i c a t i o n  of major 
improvements. 
e f f i c i e n c y ,  and composites f o r  lower weight and g r e a t e r  s a f e t y .  
combustion concepts  and small turboprop eng ines  i n c l u d e  inc reased  f u e l  economy and a f f o r d a b i l i t y ,  a l o n g  wi th  m u l t i f u e l  
c a p a b i l i t i e s  and o t h e r  d e s i r e d  c h a r a c t e r i s t i c s .  Research on s u i t a b l e  g e n e r a l  a v i a t i o n  a v i o n i c s  improvements and human 
f a c t o r s  w i l l  con t inue ,  p r i m a r i l y  a d d r e s s i n g  i s s u e s  r e l a t e d  t o  s i n g l e  p i l o t  o p e r a t i o n s .  Research w i l l  a l s o  con t inue  i n  
t h e  a r e a  of aerodynamical ly  i n t e g r a t e d  d i s t r i b u t i o n  systems f o r  a e r i a l  a p p l i c a t i o n s  t o  improve a p p l i c a t i o n  un i fo rmi ty ,  
accuracy  and  p r o d u c t i v i t y ,  and t o  reduce d r i f t .  

Other drag r e d u c t i o n  r e s e a r c h  w i l l  i n c l u d e  s u r f a c e  interactionlinterference drag and p ropu l s ion  

Emphasis w i l l  b e  p laced on p ropu l s ion  r e s e a r c h ,  b o t h  p r o p e l l e r s  and 

P r o p e l l e r  o b j e c t i v e s  f o r  b o t h  g e n e r a l  a v i a t i o n  and commuter a i r c r a f t  i n c l u d e  n o i s e  r e d u c t i o n ,  aerodynamic 
Engine o b j e c t i v e s  f o r  b o t h  advanced i n t e r m i t t e n t  

RD 9-17 



1981 1982 
1980 Budget Current Budget 

Actual  Estimate E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Low speed a i r c r a f t  r e s e a r c h  and technology..  . . . . . . . . . . . . . 13,884 11,500 11,700 15,200 

OBJECTIVES ANJI STATUS: 

The o b j e c t i v e s  of t h e  low speed a i r c r a f t  r e s e a r c h  and technology program a r e  t o  p rovide  a technology b a s e  i n  t h e  a r e a s  
o f :  (1) r o t o r c r a f t  s t r u c t u r e s  and dynamics, aerodynamics and f l i g h t  dynamics, a v i o n i c s  and c o n t r o l s ,  and man-system 
i n t e g r a t i o n ;  (2)  hybr id  a i r s h i p  c o n f i g u r a t i o n  performance, dynamics and c o n t r o l s ;  and ( 3 )  V e r t i c a l  and Short  Take-Of f 
and Landing (V/STOL) a i r c r a f t  p ropu l s ion ,  aerodynamics, and f l i g h t  dynamics. 

During t h e  pa s t  yea r ,  t h e  performance, dynamics, and  c o n t r o l  and a c o u s t i c  c h a r a c t e r i s t i c s  of s e v e r a l  l a rge- sca l e  r o t o r  
systems w e r e  determined through tests i n  t h e  40x80 foo t  wind t unne l .  
r e s e a r c h  r o t o r ,  a b e a r i n g l e s s  main r o t o r ,  and  a c o a x i a l  advancing-blade concept r o t o r .  Improved computat ional  and 
exper imenta l  methods have been  developed f o r  determining r o t o r  a i r f o i l s  that a r e  opt imized f o r  s e l e c t e d  r o t o r c r a f t  
de s ign  ope ra t i ng  cond i t i ons .  Ana ly t i c ,  ground-based s imu la to r ,  and f l i g h t  r e s e a r c h  i s  cont inu ing  on improved r o t o r c r a f t  
c o n t r o l  and f l i g h t  systems t o  reduce p i l o t  workload, t o  p r w i d e  c e r t i f i c a t i o n  c r i t e r i a ,  and t o  enhance miss ion  
c a p a b i l i t y .  Very small, a i r- d r i v e n  motors a r e  be ing  acqu i r ed  which can a c c u r a t e l y  s imu la t e  t h e  i n l e t  and nozz l e  
p ropu l s ion  f lows f o r  smal l- sca le  wind t u n n e l  models of V/STOL a i r c r a f t  models i n  c ru i s e /manewer  f l i g h t .  
con t inues  on computat ional  methods f o r  p r e d i c t i n g  V/STOL a i r f r a m e  and p ropu l s ion  f lows ,  on exper imenta l  equipment f o r  
scale model irnrest iga t i o n s  of V/STOL p ropu l s ion  sys tems ,  and on s imu la to r  e v a l u a t i o n  of c o n t r o l  and f l i g h t  systems f o r  
improved V/STOL f l y i n g  q u a l i t i e s  and  miss ion  c a p a b i l i t i e s .  

These systems inc luded  a n  advanced aerodynamic 

Progress  

CRANGES FROM I T  1981 BUDGET ESTIMATES: 

The i n c r e a s e  of $200,000 r e f l e c t s  p r i m a r i l y  t h e  reba lanc ing  of t h e  r e s e a r c h  and technology b a s e  t o  budget t h e  t o t a l  
use  of t h e  low speed f a c i l i t i e s  a t  t h e  Ames Research Center i n  t h e  low speed r e s e a r c h  and technology b a s e  d i s c i p l i n e  
beginning i n  FY 1981. 

BASIS OF FY 1982 ESTIMATES: 

R o t o r c r a f t  r e s e a r c h  i n  FY 1982 w i l l  i n c l u d e  a n a l y t i c a l  and wind t unne l  t e s t s  of small- and l a rge- sca l e  models t o  
improve des ign  p r e d i c t i o n  c a p a b i l i t y  of r o t o r c r a f t  performance, l o a d s ,  v i b r a t i o n ,  and a e r o e l a s t i c  s t a b i l i t y .  The use  of  
h ighe r  harmonic c o n t r o l s  t o  reduce v i b r a t i o n  w i l l  b e  eva lua t ed  i n  f l i g h t .  Research on i n t e r a c t i o n a l  aerodynamics and  

RD 9-18 



dynamic load  p r e d i c t i o n s  w i l l  b e  expanded. 
and on v e r i f y i n g  n o i s e  p r e d i c t i o n  methods. Development w i l l  b e  i n i t i a t e d  of a t o t a l  au tomat ic  f l i g h t  and c o n t r o l  system 
and a n  e s t i m a t i n g  code f o r  a UH-1H r e s e a r c h  h e l i c o p t e r  wi th  f a u l t  t o l e r a n t  sens ing  and computing c a p a b i l i t y .  Research 
a c t i v i t i e s  w i l l  con t inue  i n  FY 1982 t o  develop a h e l i c o p t e r  human f a c t o r s  data  b a s e  w i t h  emphasis on advanced p i l o t  
d i s p l a y / c o n t r o l  i n t e r f a c e  t echn iques  i n c l u d i n g  au tomat ic  speech r e c o g n i t i o n ,  speech s y n t h e s i s ,  and v i s u a l / a u d i t o r y /  
t a c t i l e  d i s p l a y s .  A c o o p e r a t i v e  program w i l l  b e  cont inued wi th  t h e  United S t a t e s  Coast Guard t o  develop t h e  con- 
f i g u r a t i o n  aerodynamics,  c o n t r o l ,  and s t r u c t u r a l  dynamics technology f o r  hybr id  a i r s h i p  concepts  t h a t  ho ld  promise f o r  
p o t e n t i a l  p a t r o l  and s u r v e i l l a n c e  a p p l i c a t i o n s .  

Greater emphasis w i l l  b e  p laced on a c q u i r i n g  p r a c t i c a l  da ta  on r o t o r  n o i s e ,  

I n  t h e  V/STOL a r e a  i n  FY 1982, compact p r o p u l s i o n  s i m u l a t o r s  developed i n  t h e  p a s t  two y e a r s  w i l l  b e  incorpora ted  i n t o  
a complex smal l- scale  model of h igh  performance V/STOL c o n f i g u r a t i o n .  This w i l l  suppor t  r e s e a r c h  on p ropu l s ion  
sys temla i r f rame  i n t e r a c t i o n s  i n  h igh  speed cruise/maneuver f l i g h t  regimes through tests i n  t r a n s o n i c  and h i g h  subsonic  
wind t u n n e l s .  Work w i l l  con t inue  on computat ional  methods and suppor t ing exper imental  t echn iques  and measurements t o  
develop a c a p a b i l i t y  t o  p r e d i c t  a i r f r a m e / p r o p u l s i o n  and ground f low i n t e r a c t i o n s  i n  a manner s u i t a b l e  f o r  d e s i g n  
e v a l u a t i o n  purposes .  
f o o t  subson ic  wind t u n n e l  f o r  r e s e a r c h  on V/STOL i n l e t s ,  v e c t o r a b l e  exhaust  nozze l s  and f a s t  r e sponse  t h r u s t  modulation. 

A new V/STOL propu l s ion  f a n  d r i v e  w i l l  b e  put i n t o  o p e r a t i o n  i n  t h e  Lewis Research Center  9 x 15 

1981 1982 
1980 Budget Current Budget 

Actual  Estimte Est imate  E s t i m a t e  
(Thousands of D o l l a r s )  

High speed a i r c r a f t  r e s e a r c h  and technology..  . . . . . . . . . . .. 13,846 15,300 16,500 20,700 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of  t h e  h igh  speed a i r c r a f t  r e s e a r c h  and  technology program i s  t o  g e n e r a t e  technology advancements needed 
b o t h  t o  a c h i e v e  s a f e ,  r e l i a b l e ,  and economical h igh  speed c i v i l  a i r c r a f t  and t o  e s t a b l i s h  and main ta in  t e c h n o l o g i c a l  
s u p e r i o r i t y  i n  m i l i t a r y  h igh  speed v e h i c l e s  and systems. 

I n  t h e  a r e a  of f l i g h t  dynamics, emphasis c o n t i n u e s  on  t h e  important  h igh  ang le- of- a t t ack  and s t a l l / s p i n  f l i g h t  
regimes. Extensive  a n a l y s e s ,  s i m u l a t i o n s ,  wind t u n n e l  and f r e e- f l i g h t  model tests w e r e  performed dur ing t h e  l a s t  y e a r  
i n  coopera t ion  w i t h  t h e  m i l i t a r y  services on new f i g h t e r l a t t a c k  a i r c r a f t  and advanced d e s i g n  concep t s ,  inc lud ing  a 
superson ic  c r u i s e  and maneuver c o n f i g u r a t i o n .  I n  t h e  a r e a  of combat v e h i c l e  aerodynamics,  exper imental  data  were 
ob ta ined  f o r  t h r e e  d i f f e r e n t  h igh  speed a i r c r a f t  d e s i g n s  w i t h  v o r t e x  f l a p s ,  and s i g n i f i c a n t  p r o g r e s s  was made i n  t h e  
development of a t h e o r e t i c a l  understanding of l ead ing  edge v o r t e x  e f f e c t s .  During t h e  l a s t  y e a r ,  wind t u n n e l  and 
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e l ec t romagne t i c  anechoic  chamber tests have been  used t o  evolve  a n  e f f i c i e n t  and  s t e a l t h y  c o n f i g u r a t i o n  f o r  a supersonic  
c r u i s e  missile having a h igh  l i f t- t o- d r a g  r a t i o ,  good aerodynamic s t a b i l i t y  and  c o n t r o l  characteris t ics ,  and a low r a d a r  
c r o s s  s e c t i o n .  S t e a l t h  c o n s i d e r a t i o n s  have a l s o  been  cons idered  f o r  f i g h t e r  a i r c r a f t  exhaust  nozz l e s  a s  p a r t  of t h e  
p ropu l s ion  i n t e g r a t i o n  e f f o r t  during t h e  l a s t  year .  

CEANGES FROM FY 1981 BUDGET ESTIMATES: 

The i n c r e a s e  of $1.2 m i l l i o n  r e f l e c t s  a change i n  t h e  account ing  procedure a t  t h e  Ames Research Center .  The c l a s s  of  
f a c i l i t i e s  c a t ego r i zed  a s  h igh  speed wind t u n n e l s  a r e  funded i n  t h i s  budget c a t ego ry  beginning i n  FY 1981. 

BASIS OF FY 1982 ESTIMATE: 

In FY 1982, t h e  f l i g h t  dynamics e f f o r t  w i l l  extend t h e  s tudy  of f i g h t e r  c o n f i g u r a t i o n s  t o  i n c l u d e  t h r e e  aerodynamic 
l i f t i n g  s u r f a c e s  t o  e s t a b l i s h  a f i r m  understanding of t h e  e f f e c t s  of aerodynamic f a c t o r s  and f l i g h t  c o n t r o l  system 
c h a r a c t e r i s t i c s  on h igh  a ngle-of-a t t a c k  manewerab i l i t y  and  s t a  11 behavior .  Wind tunne l  exper imenta l  i n v e s t i g a t i o n s  
will b e  i n i t i a t e d  on t h e  use  of power dev i ce s  such a s  t h r u s t  v e c t o r i n g  f o r  h igh  angle- of- at tack  dynamic c o n t r o l .  

The aerodynamics and p ropu l s ion  a c t i v i t i e s  w i l l  concen t r a t e  on t h r e e  areas -- f i g h t e r  c o n f i g u r a t i o n  aerodynamics,  two- 
dimensional  nozz l e  i n t e g r a t i o n ,  and m i s s i l e  aerodynamics. Experimental da ta  w i l l  b e  ob ta ined  and improved a n a l y t i c a l  
methods w i l l  b e  developed t o  e s t a b l i s h  a de s ign  methodology f o r  t h e  non l inea r  aerodynamic performance and s t a b i l i t y  and  
c o n t r o l  c h a r a c t e r i s t i c s  of new f i g h t e r  concepts .  Two-dimensional nozz le  p ropu l s ion  i n t e g r a  t i o n  e f f o r t s  w i l l  concen t r a t e  
on performance and s t e a l t h  t r a d e s .  The blended wing-body c o n f i g u r a t i o n  concept developed in t h e  supersonic  c r u i s e  
r e sea rch  program w i l l  b e  a p p l i e d  t o  m i s s i l e s  w i th  assessments  made of p o t e n t i a l  performance improvements. 

In FY 1982, a s  p a r t  of t h e  i n t e r agency  and i n d u s t r i a l  a s s i s t a n c e  and t e s t i n g  e f f o r t ,  computat ional  f a c i l i t i e s ,  
s imu la to r s  and wind t u n n e l s  w i l l  b e  used t o  p r w i d e  support  t o  o t h e r  government agenc i e s  and t o  t h e  a i r c r a f t l m i s s i l e  
i n d u s t r y  f o r  a broad range  of a i r c r a f t  and miss i l e  developments. 

The remotely- piloted r e s e a r c h  a i r c r a f t  technology a c t i v i t i e s  i n  FY 1982 w i l l  r e f i n e  new and improved concepts  f o r  
ground c o n t r o l l e r  management of f l i g h t  o p e r a t i o n s  f o r  h igh  speed t e s t i n g  and recovery  of remotely p i l o t e d  r e s e a r c h  
v e h i c l e s .  

F l i g h t  experiments  support  a c t i v i t e s ,  i nc lud ing  chase o p e r a t i o n s ,  a i r s p e e d  c a l i b r a t i o n  pacer  f l i g h t s  and remotely- 
p i l o t e d  r e s e a r c h  v e h i c l e  a i r  d rops ,  w i l l  b e  conducted providing support  t o  a broad  b a s e  of h igh  speed r e sea rch  v e h i c l e s .  

High speed wind t u n n e l  o p e r a t i o n s  i n  FY 1982 w i l l  g e n e r a t e  exper imenta l  tes t  da t a  o f  a g e n e r i c  n a t u r e  f o r  a wide 
v a r i e t y  of v e h i c l e  con f igu ra t i ons  t o  suppor t  r e s e a r c h  and technology programs. 
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I n  FY 1982, t h e  h igh  speed a i r c r a f t  c o n t r o l s  technology a c t i v i t i e s  w i l l  c o n c e n t r a t e  on determining t h e  b e s t ,  f u l l y  
i n t e g r a t e d ,  d i g i t a l  a i r f r a m e f p r o p u l s i o n  c o n t r o l  system a r c h i t e c t u r e  f o r  t h e  next g e n e r a t i o n  of h igh  speed a i r c r a f t .  
e f f o r t s  w i l l  b e  d i r e c t e d  toward f u t u r e  c i v i l  and m i l i t a r y  h i g h  speed a i r c r a f t  i n  which i n t e g r a t i o n  of t h e  a i r f r a m e  
c o n t r o l  f u n c t i o n s  and p ropu l s ion  c o n t r o l  f u n c t i o n s  w i l l  b e  e s s e n t i a l  t o  t h e  a i r c r a f t  concept.  

The 

The hypersonic  v e h i c l e  technology e f f o r t  i n  FY 1982 w i l l  focus  on t h e  key t e c h n i c a l  problem a r e a s  of hypersonic  
a i r b r e a t h i n g  c r u i s e  a i r c r a f t  and missiles, i n c l u d i n g  aerodynamic c h a r a c t e r i s t i c s ,  i n l e t  and nozz le  i n t e g r a t i o n  wi th  t h e  
a i r f r a m e ,  p r o p u l s i o n  performance and h igh  t empera tu re  s t r u c t u r e s .  

1981 1982 
1980 Budget Current Budg e t  

Actual  Es t ima te  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Transpor t  a i r c r a f t  r e s e a r c h  and technology.. . . . . . . . . . . . . . 6,492 7,100 7,100 8,700 

OBJECTIVES Am STATUS: 

The o b j e c t i v e  of t h e  t r a n s p o r t  a i r c r a f t  r e s e a r c h  and technology program i s  t o  p rov ide  a b road  b a s e  of s a f e t y- o r i e n t e d  
technology f o r  unders tanding and d e a l i n g  wi th  a e r o n a u t i c a l  s a f e t y  haza rds  and t h e i r  consequences,  and improving c r i t e r i a  
f o r  d e s i g n  of a i r c r a f t  systems and opera t ing  t echn iques  l ead ing  t o  r e d u c t i o n  i n  a c c i d e n t s ,  loss of l i f e  and i n j u r i e s ,  
and loss of equipment. 
meteorology, a v i a t i o n  o p e r a t i o n s  s a f e t y  technology,  and a i r c r a f t  systems o p e r a t i n g  e f f i c i e n c y  improvement. 

The s a f e t y  r e s e a r c h  program has b e e n  organized i n t o  t h r e e  major c a t e g o r i e s :  a v i a t i o n  

I n  meteorology r e s e a r c h ,  s i g n i f i c a n t  p rogress  con t inues  t o  b e  made i n  c h a r a c t e r i z i n g  l i g h t n i n g  and t u r b u l e n c e  
a s s o c i a t e d  w i t h  s e v e r e  storms. A s p e c i a l l y  hardened and h i g h l y  ins t rumented F-106 r e s e a r c h  a i r p l a n e  s a f e l y  p e n e t r a t e d  
thunders torms t o  o b t a i n  measurements of l i g h t n i n g  and t h e  p roduc t ion  of g a s e s ,  winds and tu rbu lence .  The test r e s u l t s  
w i l l  p rov ide  a b a s i s  f o r  e s t a b l i s h i n g  d e s i g n  and l i g h t n i n g  p r o t e c t i o n  c r i t e r i a  f o r  advanced d i g i t a l  a v i o n i c  sys tems,  a s  
w e l l  a s  a i r c r a f t  o p e r a t i n g  procedures ,  and f o r  t h e  p r e d i c t i o n  and avoidance of s e v e r e  storms. Research con t inues  i n  
evolving a computer code f o r  t h e  p r e d i c t i o n  of s e v e r e  storms. 
approach.  I n- f l i g h t  remote sensing of hazardous clear a i r  tubulence and a s s o c i a t e d  ozone w i l l  con t inue  based on 
microwave rad iomete r  technology. The expanded i c i n g  r e s e a r c h  and technology requirements  were developed from a c r o s s  
s e c t i o n  of t h e  a v i a t i o n  community. A n a l y t i c a l  methods were i n i t i a t e d  f o r  p r e d i c t i n g  i ce  accumulat ion and a s s o c i a t e d  
aerodynamic p e n a l t i e s .  Ice p r o t e c t i o n  systems f o r  modern a i r f o i l s  were e v a l u a t e d  us ing f l u i d s ,  i cephob ics  and advanced 
pneunratic b o o t s .  F l i g h t  r e s e a r c h  was i n i t i a t e d  t o  measure t h e  a i r c r a f t  wing span-wise s t r u c t u r a l  l o a d i n g s  due t o  
a tmospher ic  tu rbu lence .  

Three to rnado  c a s e  s t u d i e s  have v a l i d a t e d  t h e  d e s i g n  
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Advances w e r e  made t o  i n c r e a s e  occupant s u r v i v a b i l i t y  i n  post- crash f i r e s  by  breaking  t h e  f i r e  cha in  through t h e  use  
of a s a f e t y  f u e l ,  a n t i m i s t i n g  kerosene  (AMK), and f i r e  r e s i s t a n t  a i r c r a f t  seat cush ions ,  i n t e r i o r  w a l l  pane ls  and 
f u s e l a g e  windows. Advanced technology m a t e r i a l s  con t inue  t o  b e  demonstrated i n  f u l l  s c a l e  f u s e l a g e  f i r e  tests and 
eva lua t i ons  of AMK i n  j e t  engines.  

The i n- f l i g h t  a i r f r a m e  loads  measurement program which u t i l i z e s  d i g i t a l  da t a  from wide-body a i r c r a f t  cont inues  and was 
expanded t o  cover ground o p e r a t i o n s  t o  d e f i n e  i t e m s  of t h e  a c t u a l  ope ra t i ng  c o n d i t i o n s  exper iences  of landing g e a r  
system components. Advanced technology landing  g e a r ,  a n t i s k i d  b r ake  systems and  t i r es  w i l l  evo lve  from t h i s  knowledge. 

In l anding  g e a r  systems technology,  a n a l y t i c a l  t i r e  modeling, t i r e  w e a r  t e s t i n g ,  and a tax ing  t i r e  thermal  s tudy  were 
completed. P r e d i c t i o n  of a i r c r a f t  s topping  performance on t y p i c a l  runway s u r f a c e s  based  on ground v e h i c l e s  measurements 
was completed. Work has been  i n i t i a t e d  on t i r e  and wheel f a i l u r e s  and t h e i r  consequences on a i r c r a f t  c o n t r o l .  Based on 
i n i t i a l  succes se s  of a c t i v e  c o n t r o l  l anding  g e a r  r e s e a r c h  t o  reduce  s t r u c t u r a l  load ing  and imprage r i d e  q u a l i t i e s ,  
coope ra t i ve  r e s e a r c h  was i n i t i a t e d  wi th  t h e  m i l i t a r y  t o  test t h i s  concept on f i g h t e r  a i r c r a f t .  Eva lua t ions  of c u r r e n t  
a n t i s k i d  b r ak ing  systems and runway s l i p p e r i n e s s  s t u d i e s  were completed and i nco rpo ra t ed  i n  t h e  a i r c r a f t  ground handling 
s imula t o r . 
BASIS FOR FY 1982 ESTIWATE: 

FY 1982 r e s e a r c h  i n  meteorology hazards  t o  a v i a t i o n  w i l l  con t inue  using two f l i g h t  r e s e a r c h  a i r c r a f t  t o  c h a r a c t e r i z e  
s eve re  s torms and t h e  e f f e c t s  of l i g h t n i n g  and t u rbu l ence  on f u t u r e  a i r c r a f t  systems des ign  and ope ra t i ons .  
of w a r m  fog using t h e  charged p a r t i c l e  concept w i l l  b e  eva lua t ed  i n  t h e  f i e l d .  I c ing  r e sea rch  w i l l  i n c lude  development 
and e v a l u a t i o n  of improved i c i n g  s e n s o r s ,  s c a l i n g  laws and s tudy  of modern a i r f o i l s  under i c i n g  cond i t i ons .  Improve- 
ments i n  wind t u n n e l  p r o d u c t i v i t y  f o r  i c i n g  experiments  a r e  planned using impraved aerodynamic measurement dev i ce s .  

D i s s i p a t i o n  

A i r c r a f t  f i r e w o r t h i n e s s  r e sea rch  t o  improve occupant s u r v i v a b i l i t y  w i l l  conclude t h e  e v a l u a t i o n  of advanced a i r c r a f t  
i n t e r i o r  m a t e r i a l s  and cab in  windows under f u l l - s c a l e  f i r e  t e s t i n g .  The des ign  requirements  f o r  a f i r e  r e s i s t a n t  
m a t e r i a l s  da t a  bank w i l l  b e  completed. Successes  i n  engine  component c o m p a t i b i l i t y  wi th  AMK w i l l  l e a d  t o  long- term and  
complete engine  performance e v a l u a t i o n s  using AMK. Alternate AMK a d d i t i v e s  w i l l  b e  developed and eva lua ted  that would 
f u r t h e r  reduce engine  and f u e l  system mod i f i ca t i ons  needed f o r  p r a c t i c a l  f l e e t w i d e  implementation. 

Research i n  a i r c r a f t  l anding  systems w i l l  con t i nue  s t u d i e s  of t h e  e f f e c t s  of t i r e  f a i l u r e s  on a i r c r a f t  c o n t r o l l-  
a b i l i t y .  Long-term s t u d i e s  of t i r e  behavior  and opt imized des ign  w i l l  b e g i n  using i n p u t s  from t h e  t i r e  t h e r n n l ,  
f r i c t i o n  and  wear s t u d i e s  that w i l l  have been  completed. Development of advanced e las tomers  f o r  t i r e  c a r c a s s e s  w i l l  
con t i nue  based  on t i r e  t r e a d  exper ience .  An in- se rv i ce  e v a l u a t i o n  i s  planned. Development of t h e  ground handl ing  
s imu la to r  w i l l  con t i nue  based  on completed r e sea rch  i n  a n t i s k i d  and b r a k e  systems and a i r c r a f t  performance on s l i p p e r y  
runways. Advanced a n t i s k i d  systems development w i l l  b eg in .  
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SYSTEMS TECHNOLOGY PROGRAMS 

b t e r i a l s  and s t r u c t u r e s  sys tems  technology .............. 
Avionics and f l i g h t  c o n t r o l  systems technology ........... Propuls ion  systems technology ............................ 
Aerodynamic v e h i c l e  systems technology ................... 
Aeronaut ica l  systems s t u d i e s  ............................. 
General a v i a t i o n  systems technology ...................... 
Low speed systems technology ............................. 
High speed systems technology ............................ 
Transport  a i r c r a f t  systems technology .................... 
Numerical aerodynamic s imu la to r  .......................... Advanced p ropu l s ion  systems technology ................... 

T o t a l  .................................................. 

1980 
Actual  

5.  553 
6.  700 
2 .  206 

189 
4. 134 

7 12 
23 .  175 
14. 695 
57.  891 
72. 2 78 ... 

1981 
Budget Current 

E s t i m a t e  Estimte 
(Thousands of D o l l a r s )  

9.  600 
4. 900 
1. 550 

3 .  600 
100 

23 .  450 
16.  800 
3 3 .  500 
50.  700 

... 

... 

9. 600 
4. 900 
1 .  200 

3 .  200 
... 

1. 050 
24.  300  
16. 700 
33 .  100 
47. 800 ... 

144. 200 141. 850 

1982 
Budget page 

E s t i m a t e  . NO 

9.  800 RD 9- 24  
3 .  800 RD 9- 26 
1 .  300  RD 9-27 

3 .  800 RD 9- 28 
... RD 9-29 

3 8 .  500 RD 9-30 
19. 400 RD 9- 33 
3 1 .  400 RD 9-35 
3 8 .  800 RD 9- 37 
16 .  000 RD 9-39 

... ... 

162. 800 
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bh t e r i a l s  and s t r u c t u r e s  systems technology..  . . . . . . . . . . . . 

1981 1982 
1980 Budget Current Budget 

Actual  E s t i m a t e  E s t i m a t e  Es t imate  
(Thousands of D o l l a r s )  

5 ,553  9,600 9,600 9,800 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of  t h e  m a t e r i a l s  and s t r u c t u r e s  systems technology program i s  t o  concen t r a t e  r e s e a r c h  e f f o r t s  i n  t h e  
s t r u c t u r e s  and m a t e r i a l s  technology a r e a s  which have h igh  p rospec t s  f o r  near- term a p p l i c a t i o n  i n  t h e  de s ign  of a i r c r a f t  
and engine  systems. 

The m a t e r i a l s  f o r  advanced t u r b i n e  engines  e f f o r t  i m o l v e s  t h e  i d e n t i f i c a t i o n  of promising concepts  and r e l a t e d  h igh  
tempera ture  m a t e r i a l s  now i n  advanced l a b o r a t o r y  s t a g e s  f o r  t r a n s i t i o n  i n t o  a c t u a l  engine tests f o r  t h e  development of 
p roces s  and  engineer ing  d a t a .  I n  FY 1981 e f f o r t ,  a n  advanced d i r e c t i o n a l l y  s o l i d i f i e d  t u r b i n e  b l a d e  a l l o y  was engine  
t e s t e d ,  s i n g l e  c r y s t a l  t u r b i n e  b l a d e s  were f a b r i c a t e d ,  and a n  advanced ab radab l e  t i p  seal and a new h igh  tempera ture  
powder me ta l l u rgy  d i s k  a l l o y  were engine  t e s t e d .  

The a e r o e l a s t i c i t y  of t u r b i n e  engines  technology a c t i v i t y  i s  a j o i n t  Air Force/NASA e f f o r t  t o  improve t h e  
understanding and p r e d i c t i o n  c a p a b i l i t y  f o r  a e r o e l a s t i c  i n s t a b i l i t y  and response  phenomena i n  t u r b i n e  f a n  s t a g e s .  
A n a l y t i c a l  methods developed f o r  p r e d i c t i n g  subsonic  and supersonic  f l u t t e r  and p r e s s u r e  r i g  da t a  genera ted  for two 
exper imenta l  r o t o r s  a r e  be ing  c o r r e l a t e d .  

The i n t e g r a t e d  program f o r  ae rospace  v e h i c l e  de s ign  w i l l  a c h i e v e  a major program mi l e s tone  i n  FY 1981 wi th  t h e  release 
of a n  engineer ing  da t a  management so f twa re  system f o r  e v a l u a t i o n  by  i n d u s t r y  and  NASA. An exper imenta l  p i l o t  system 
r e l e a s e d  e a r l y  i n  t h e  yea r  i s  a l r e a d y  be ing  used by  s e v e r a l  a i r c r a f t  companies and a t  NASA's Langley Research Center .  

The o b j e c t i v e  of t h e  t u r b i n e  engine hot  s e c t i o n  technology a c t i v i t y  i s  t o  provide  t h e  technology b a s e  f o r  improved 
l i f e  a s s u r a n c e  and l i f e  management of t h e  ho t  s e c t i o n  components of advanced t u r b i n e  a i r c r a f t  engines .  b j o r  t a s k s  a r e  
t o  develop a n a l y t i c a l  and  des ign  methods which w i l l  enhance hot  s e c t i o n  component d u r a b i l i t y .  These methods w i l l  
p rov ide  environmental  d e f i n i t i o n ,  thermal  and mechanical load  p r e d i c t i o n ,  s t r u c t u r a l  a n a l y s i s ,  and l o c a l  response and 
f a i l u r e  mode c h a r a c t e r i z a t i o n .  Combined use  of t h e s e  methods w i l l  i n c r e a s e  t h e  c a p a b i l i t y  f o r  hot s e c t i o n  component 
l i f e  p r e d i c t i o n .  This systems technology program i s  a n  outgrowth of p a s t  b a s i c  r e sea rch  and fundamental technology 
development,  such  a s  combustor and t u r b i n e  b l a d e  d u r a b i l i t y  a n a l y s e s  and l a b o r a t o r y  experiments .  
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During N 1982, t h e  emphasis i n  t h e  m a t e r i a l s  f o r  advanced t u r b i n e  engines e f f o r t  w i l l  b e  on demonstra t ing t h e  engine  
test performance of s i n g l e  c r y s t a l  t u r b i n e  b l a d e s ,  a n  advanced d i r e c t i o n a l l y  s o l i d i f i e d  t u r b i n e  b l a d e ,  and a h igh  
t empera tu re  b u r n e r  l i n e r .  The g o a l  i s  t o  reduce t h e  s p e c i f i c  f u e l  consumption i n  engines  by  1.5 pe rcen t  us ing t h e s e  
nra t e r i a  Is . 

The N 1982 a e r o e l a s t i c i t y  of t u r b i n e  eng ines  e f f o r t  w i l l  con t inue  t h e  c o r r e l a t i o n  between a n a l y t i c a l  p r e d i c t i o n s  and 
exper imenta l  d a t a .  
1981. Some e f f o r t  will b e  devoted t o  r e s e a r c h  of fo rced  response  phenomena. 

This  w i l l  i n c l u d e  t r a n s o n i c  f l u t t e r  p r e d i c t i o n  methods and cascade t u n n e l  da ta  being genera ted  i n  FY 

The i n t e g r a t e d  program f o r  ae rospace  v e h i c l e  des ign  e f f o r t  i n  N 1982 w i l l  focus  on a n  e v a l u a t i o n  of t h e  i n i t i a l  
s o f t w a r e  release i n  o r d e r  t o  i d e n t i f y  enhancements necessa ry  t o  improve  performance and u s e f u l n e s s  t o  p o t e n t i a l  u s e r s .  
Ongoing e f f o r t s  w i l l  b e  cont inued t o  i d e n t i f y  and advoca te  developmental  e f f o r t s  necessa ry  t o  e s t a b l i s h  proper  
i n t e r f a c e s  w i t h  t h e  Air Force's i n t e g r a t e d  computer a i d e d  manufacturing program. 

During N 1982, emphasis i n  t h e  hot  s e c t i o n  technology a c t i v i t y  w i l l  b e  on d e f i n i n g  t h e  t u r b i n e  environment through 
t h e  conduct o f  "benchmark" component s i m u l a t i o n  tests and t h e  development of a s s o c i a t e d  ins t rumenta t ion .  
tests,  r e l a t i v e l y  s imple  hardware e lements  con ta in ing  stress c o n c e n t r a t i o n s  w i l l  b e  s u b j e c t e d  t o  h igh  temperature ,  low 
c y c l e ,  c reep- fa t igue  cond i t ions .  Simul taneously ,  a n a l y t i c a l  s o l u t i o n s  f o r  stresses and s t r a i n s  of t h e  stress 
d i s c o n t i n u i t y  w i l l  b e  ob ta ined  from a v a i l a b l e  three- dimensional ,  f i n i t e  element , e l a s t o p l a s t i c  computer programs. 
Di rec t  measurements of t h e  l o c a l  s t r a i n s  i n  t h e  h igh  t empera tu re  t e s t i n g  a c t i v i t y  w i l l  p rovide  t h e  d e s i r e d  check on t h e  
a b i l i t y  of t h e  s t r u c t u r a l  a n a l y s i s  t o  a c c u r a t e l y  c a l c u l a t e  t h e  s t r e s s / s t r a i n  c o n d i t i o n s  and p r w i d e  i n s i g h t  f o r  needed 
improvements. 
conducted f o r  d e f i n i n g  s t a t i c  and c y c l i c  thermal  and mechanical  load ings ,  t h e  m a t e r i a l s  and s t r u c t u r a l  responses ,  a s  
w e l l  a s  f a i l u r e  l o c a t i o n s ,  modes, and l i f e t i m e s  f o r  combustor l i n e r s ,  v a n e s  and b l a d e s ,  d i s k s ,  g a s  pa th  seals and s t a t i c  
s t r u c t u r e .  These s i m u l a t i o n s  w i l l  p r w i d e  documented test c o n d i t i o n s  and d u r a b i l i t y  data  f o r  use  i n  model fo rmula t ion  
and subsequent p r e d i c t i v e  methods e v a l u a t i o n .  

I n  t h e s e  

In a d d i t i o n  t o  t h e  "benchmark" tests,  a b road  range of component s i m u l a t i o n  tests w i l l  b e  des igned and 
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1981 1982 
1980 Budget Current Budget 

A c t u a l  E s t i m a t e  Est imate E s t i m a t e  
(Thousands of D o l l a r s )  

Propuls ion  systems technology. ........................... 6,700 4,900 4,900 3 ,800  

The o b j e c t i v e  of t h e  a e r o n a u t i c a l  p ropuls ion  systems technology program i s  t o  provide  focused,  systems o r i e n t e d  
a c t i v i t y  t o  ach i eve  improved performance, reduce environmental  impact ,  lower f u e l  consumption, and improve d u r a b i l i t y  
and r e l i a b i l i t y ,  and f u e l  f l e x i b i l i t y  f o r  advanced p ropu l s ion  systems f o r  a p p l i c a t i o n  t o  a broad range of v e h i c l e  
systems through t h e  i n t e g r a t i o n  of advanced components. 

The h e l i c o p t e r  t r ansmis s ion  systems technology e f f o r t  i s  providing a systems e v a l u a t i o n  of technology components and 
a n a l y t i c a l  t echniques ,  which have been  developed i n  prev ious  years .  F a b r i c a t i o n  of a n  advanced technology convent iona l  
t r ansmis s ion  and a low r a t i o  and h igh  r a t i o  hybr id  t r a c t i o n  d r i v e  t r ansmis s ion  has been  completed. Tes t ing  of t h e  low 
r a t i o  u n i t  i s  progress ing .  The broad s p e c i f i c a t i o n  f u e l s  technology a c t i v i t y  i s  focused on evolving and demonstrat ing 
t h e  engine  component technology r equ i r ed  t o  u t i l i z e  broad p rope r ty  f u e l s  i n  c u r r e n t  and f u t u r e  commercial a i r c r a f t .  
Pre l iminary  e v a l u a t i o n  of advanced combustor concepts  has been  completed and des ign  re f inements  a r e  be ing  i n i t i a t e d .  
The advanced low emiss ion  combustion e f f o r t  h a s  exper imenta l ly  screened t h e  most promising combustor concepts  f o r  l e a n ,  
premixed, p revapor ized  burn ing .  

BASIS OF FY 1982 ESTIMATE: 

The h e l i c o p t e r  t r ansmis s ion  systems technology e f f o r t s  w i l l  b e  completed i n  FY 1982 wi th  t h e  conc lus ion  of t e s t i n g  and 
e v a l u a t i o n  of t h e  h igh  r a t i o  and low r a t i o  t r a c t i o n  d r i v e  u n i t s  and t h e  advanced technology convent iona l  t r ansmis s ion .  
I n  t h e  broad  s p e c i f i c a t i o n  f u e l s  technology a c t i v i t y  i n  FY 1982, r i g  t e s t i n g  of opt imized combustor components w i l l  b e  
completed and des ign  and f a b r i c a t i o n  of hardware f o r  engine  v e r i f i c a t i o n  w i l l  b e  i n i t i a t e d .  The advanced low emiss ion  
combustion program, which concludes i n  FY 1982, w i l l  focus  on e x t e n s i v e  exper imenta l  e v a l u a t i o n  of t h e  most promising 
concepts  w i th  emphasis on f u e l  f l e x i b i l i t y ,  d u r a b i l i t y ,  and emission c h a r a c t e r i s t i c s .  
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1981 1982 
1980 Budget Current Budget 

A c t u a l  E s t i m a t e  Est imate Es t imate  
(Thousands of D o l l a r s )  

1,300 1,200 Avionics  and f l i g h t  c o n t r o l s  systems technology..  . . . . . . . . 2,206 1,550 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  a v i o n i c s  and f l i g h t  c o n t r o l s  systems technology program is  t o  app ly  t h e  fundamental knowledge 
ga ined  i n  t h e  r e s e a r c h  and technology b a s e  demonstrat ing technology r e a d i n e s s  and promoting t h e  t r a n s f e r  of advanced 
systems t echn iques  t o  t h e  a i r c r a f t  i n d u s t r y  through exper imenta l  t e s t i n g  and v e r i f i c a t i o n  i n  a realist ic environment. 

I n  r ecen t  y e a r s ,  a s i g n i f i c a n t  i n c r e a s e  i n  t h e  implementat ion of d i g i t a l  systems has been  made by  t h e  a i r c r a f t  de s ign  
community t o  t a k e  advantage  of b e n e f i t s  i n  s i z e ,  weight ,  power consumption and t h e  a b i l i t y  t o  perform more s o p h i s t i c a t e d  
f u n c t i o n a l  o p e r a t i o n s .  This  t r e n d  i s  expected t o  a c c e l e r a t e  and has n e c e s s i t a t e d  a n  improvement i n  t h e  understanding of 
so f twa re  system v e r i f i c a t i o n / v a l i d a t i o n  technology t o  f a c i l i t a t e  t h e  checkout and c e r t i f i c a t i o n  process .  
exper ience  w i th  d i g i t a l  systems and s imu la t i on  technology,  a j o i n t  program wi th  FAA i s  underway. R e l i a b i l i t y  and 
f a i l u r e  e f f e c t s  su rveys ,  workshops conducted t o  a p p r i s e  FAA personnel  of c u r r e n t  technology,  and  t h e  development of a 
v a l i d a t i o n  system based on l a b o r a t o r y  s imu la t i on  techniques  have been  completed. 

Based on pas t  

I n  t h e  c o n t r o l s  a r e a ,  f l i g h t  e v a l u a t i o n s  w i l l  b e  completed on a technique  i n  which backup so f twa re  i s  embedded i n  t h e  
p r i m r y  so f twa re  s t r u c t u r e  t o  p r o t e c t  redundant f l i g h t  c o n t r o l  systems a g a i n s t  g e n e r i c  sof tware  f a i l u r e s .  

CHANGES FROM FY 1981 BUDGET ESTIWATES: 

The dec rea se  of  $350,000 r e f l e c t s  t h e  Ames Research Center  account ing  procedure change which, beginning i n  FY 1981, 
budgets  f o r  t h e  c o s t s  a s s o c i a t e d  w i th  low speed a i r c r a f t  o p e r a t i o n s ,  suppor t ing  systems r e s e a r c h ,  and s imu la t i on  
a c t i v i t i e s  i n  t h e  low speed systems technology program. This  change w i l l  improve management v i s i b i l i t y .  

BASIS OF FY 1982 ESTIMATE: 

The p r i n i c p l e  emphasis i n  t h e  j o i n t  NASA/FAA a c t i v i t y  w i l l  b e  t h e  c o n t i n u a t i o n  of tests t o  develop t echn iques  f o r  
imprwing  t h e  systems v e r i f i c a t i o n / v a l i d a t i o n  process  a s  a p p l i e d  t o  t r a n s p o r t  a i r c r a f t .  
t o  p r w i d e  optimum con f igu ra t i ons  t o  reduce  f l i g h t  tes t  requi rements  and c o s t s  a s s o c i a t e d  w i th  t h e  c e r t i f i c a t i o n  
process .  

The o v e r a l l  program i s  expected 

RD 9-27 



I n  conce r t  w i th  r e s e a r c h  and technology b a s e  a c t i v i t i e s ,  l a b o r a t o r y  and f l i g h t  e v a l u a t i o n s  w i l l  b e  conducted on 
s e l e c t e d  subsystem elements  of a n  i nnova t ive  f l i g h t  c o n t r o l  system a r c h i t e c t u r e  t o  provide  t e c h n i c a l  da t a  p r i o r  t o  t h e  
i n i t i a t i o n  of p r e l im ina ry  design.  

1981 1982 
1980 Budget Current Budget 

Actual  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Aeronaut i c a  1 systems s t u d i e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 ,134  3,600 3,200 3,800 

OaTECTIVES AND STATUS: 

Aeronau t i ca l  system s t u d i e s  a r e  conducted a s  a means of i d e n t i f y i n g  t h e  need f o r ,  and a s s e s s i n g  t h e  impact o f ,  
technology advances.  The o b j e c t i v e s  of a e r o n a u t i c s  system s t u d i e s  a r e  t o  determine t h e  f e a s i b i l i t y ,  technology 
requi rements ,  c o s t s ,  b e n e f i t s  and impacts  of advanced c i v i l  and m i l i t a r y  a e r o n a u t i c a l  systems through miss ion ,  system 
and  concep tua l  de s ign  s t u d i e s .  The s t u d i e s  i n t e g r a t e  t h e  mutual e f f e c t s  of technology and a wide range  of r e l a t e d  
f a c t o r s .  

S i g n i f i c a n t  r e c e n t  r e s u l t s  i n c l u d e  i d e n t i f i c a t i o n  of technology requi rements  and  e v a l u a t i o n  of technology b e n e f i t s  f o r  
smll  commuter t r a n s p o r t s ,  m u l t i r o l e  l a r g e  t r a n s p o r t s  f o r  c i v i l  cargo  and m i l i t a r y  a i r l i f t  a p p l i c a t i o n s ,  and s e v e r a l  new 
r o t o r c r a f t  a p p l i c a t i o n s .  F e a s i b i l i t y  s t u d i e s  have a l s o  been  conducted on h igh  a l t i t u d e ,  long-endurance s enso r  o r  da ta  
r e l a y  a i r b o r n e  p l a t fo rms ,  and on p o t e n t i a l  a i r c r a f t  a p p l i c a t i o n s  of e lec t romechanica l  technology advances.  

CHANGES FaOn FY 1981 BUDGET ESTTWBTES: 

The dec rea se  of $400,000 r e f l e c t s  t h e  t r a n s f e r  of funding f o r  t h e  pos t- bacca laurea te  program t o  t h e  m u l t i d i s c i p l i n a r y  
r e s e a r c h  l i n e  i t e m  i n  t h e  r e s e a r c h  and  technology b a s e  program element.  

BASIS FOR FY 1982 ESTIMATE: 

R o t o r c r a f t  s t u d i e s  w i l l  a s s e s s  r o t o r c r a f t  de s igns  that have f u l l y  i n t e g r a t e d  t h e  u se  of c u r r e n t l y  a v a i l a b l e  technology 
compared t o  more advanced t echno log i e s  and concepts  expected t o  mature i n  a few yea r s .  S tud i e s  w i l l  b e  conducted of 
advanced Ver t i c a l /Sho r t  Take-Of f and l and ing  (V/STOL) concepts .  

Long-ha u l  t r a n s p o r t  s t u d i e s  w i l l  con t inue  t o  focus  on f u e l  conse rva t i on  concepts  and opera t iona 1 procedures ,  
a p p l i c a t i o n s  of  advanced m a t e r i a l s  and subsystems,  and  assessments  of f u t u r e  v e h i c l e  and t r a n s p o r t a b l e  system concepts .  
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High speed system s t u d i e s  will con t inue  t o  emphasize t h e  p o t e n t i a l  a p p l i c a t i o n  of superson ic  c r u i s e  r e s e a r c h  
technology p r o g r e s s  t o  h igh  performance combat a i r c r a f t  i n  v a r i o u s  miss ion s i t u a t i o n s .  
w i l l  b e  d i r e c t e d  a t  t h e  i d e n t i f i c a t i o n  o f  f u r t h e r  technology needs ,  r e f inements  and v a l i d a t i o n  t o  a c h i e v e  t h e  conf idence 
r e q u i r e d  f o r  f u t u r e  m i l i t a r y  system a p p l i c a t i o n s .  

The h i g h  speed system s t u d i e s  

Advanced p ropu l s ion  systems s t u d i e s  w i l l  a d d r e s s  p o t e n t i a l  turboprop a p p l i c a t i o n s  f o r  f u t u r e  small, a s  w e l l  a s  l a r g e  
a i r c r a f t ,  and will d e f i n e  d e s i r a b l e  o p t i o n s  f o r  exper imental  v e r i f i c a t i o n s  of advanced p ropu l s ion  sys tems,  such a s  
v a r i a b l e  c y c l e  eng ines  and  turboprop systems. 

General  a v i a t i o n  s t u d i e s  w i l l  e x p l o r e  t h e  f e a s i b i l i t y  of advanced v e h i c l e  and a v i o n i c s  concepts  and e v a l u a t e  t h e  
b e n e f i t s  of p o t e n t i a l  p ropu l s ion  system and p r o p e l l e r  advances.  

1981 1982 
1980 Budget Current Budg e t  

Estimte Est imate  Est imate  Actual  
(Thousands of D o l l a r s )  

General  a v i a t i o n  systems technology...................... 712 100 1,050 --- 
OBJECTIVES AND STATUS: 

The purpose  of t h e  g e n e r a l  a v i a t i o n  systems technology program is t o  demonstra te  and v e r i f y  t h e  f e a s i b i l i t y  and 
a v a i l a b i l i t y  of new technology f o r  g e n e r a l  a v i a t i o n ,  the reby  promoting t h e  earliest p o s s i b l e  t r a n s f e r  and u t i l i z a t i o n  o f  
new technology b y  i n d u s t r y .  The program element o b j e c t i v e s  i n c l u d e  improvements i n  s a f e t y ,  ene rgy ,  e f f i c i e n c y  and 
u t i l i t y .  

The program emphasis i n  FY 1981 con t inues  t o  b e  concen t ra ted  on a v i o n i c s  and human f a c t o r s  i n  t h e  g e n e r a l  a v i a t i o n  
Demonstration Advanced Avionics System (DAAS). The o b j e c t i v e  i s  t o  provide  t h e  c r i t i c a l  in fo rmat ion  requ i red  by  
i n d u s t r y  t o  proceed w i t h  t h e  d e s i g n  of a r e l i a b l e ,  low c o s t ,  advanced a v i o n i c s  system which can enhance t h e  s a f e t y  and 
u t i l i t y  of a m a j o r i t y  of f u t u r e  g e n e r a l  a v i a t i o n  a i r c r a f t ,  p a r t i c u l a r l y  f o r  s i n g l e  p i l o t  o p e r a t i o n .  F l i g h t  
demonstra t ion hardware has been  f a b r i c a t e d  and checked out  and i n d i v i d u a l  s o f t w a r e  packages ( e l e c t r o n i c  h o r i z o n t a l  
s i t u a t i o n  i n d i c a t o r ,  i n t e g r a t e d  data c o n t r o l  c e n t e r ,  b u s  c o n t r o l l e r ,  a u t o p i l o t )  have been  developed. I n t e g r a t i o n  of t h e  
complete DAAS i s  proceeding wi th  system checkout and f l i g h t  tests t o  b e  conducted dur ing FY 1981. 
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CHANGES FROM FY 1981 BUDGET ESTIMATES: 

Thi s  i n c r e a s e  p r imar i l y  r e f l e c t s  t h e  a d d i t i o n a l  funding provided by Congress f o r  g e n e r a l  aviat ion/commuter  a i r c r a f t  
p ropu l s ion  r e sea rch .  

BASIS OF FY 1982 ESTIMATE: 

No funds a r e  reques ted  i n  FY 1982. However, o p e r a t i o n a l  f l i g h t  tests of t h e  demons t ra t ion  advanced a v i o n i c s  system 
and e v a l u a t i o n s  by NASA, i n d u s t r y ,  and s e l e c t e d  gues t  p i l o t s  w i l l  b e  completed dur ing  FY 1982. 

1981 1982 
1980 Budget Current Budget 

Actual  Est imate Est imate E s t i m a t e  
(Thousands of D o l l a r s )  

Low speed a i r c r a f t  systems technology..  .................. 23,175 23 , 450 24,300 38,500 

OBJEcTIws m STATUS: 

The o b j e c t i v e  of t h e  low speed a i r c r a f t  systems technology program i s  t o  p rov ide  ground-based and f l i g h t  r e s e a r c h  on 
i n t e g r a t e d  t o t a l  systems which hold promise f o r  f u t u r e  c i v i l  and m i l i t a r y  a p p l i c a t i o n s ,  and on focused engineer ing  and 
o p e r a t i o n a l  d e s i g n  c r i t e r i a  f o r  low speed a i r c r a f t  concepts  and ope ra t i ons .  Low speed a i r c r a f t  i n c l u d e  t h e  c a t e g o r i e s  
of r o t o r c r a f t  , Short Take-Off and Landing (STOL) and Ver t i c a l /Sho r t  Take-Off and Landing (V/STOL). The program covers 
t h e  broad  technology a r e a s  of c o n f i g u r a t i o n  aerodynamics; p ropuls ion ;  i n t e g r a t e d  f l i g h t  systems inc lud ing  c o n t r o l s ,  
guidance and n a v i g a t i o n ;  and s t r u c t u r a l  systems inc lud ing  advanced m a t e r i a l s  a p p l i c a t i o n s ,  a e r o e l a s t i c i t y ,  v i b r a t i o n  and 
a c o u s t i c s .  The exper imenta l  ground-based and f l i g h t  t e s t i n g  i s  c l o s e l y  coupled w i th  a n a l y t i c a l  and des ign  methodology 
s t u d i e s .  

The Rotor  Systems Research A i r c r a f t  (RSRA) i n  t h e  h e l i c o p t e r  con f igu ra t i on  h a s  begun t h e  f i r s t  f l i g h t  r e sea rch  program 
on ve r t i ca l  &rag i n  hover and w i l l  r e m i n  i n  a f l i g h t  r e s e a r c h  s t a t u s  w i th  t h e  d e l i v e r e d  r o t o r  system through FY 1981. 
The RSRA v e h i c l e  i n  t h e  compound c o n f i g u r a t i o n  w i th  a f i x e d  wing and a u x i l i a r y  p ropu l s ion  has been  e x t e n s i v e l y  
c a l i b r a t e d  and i s  cont inu ing  b a s e l i n e  f l i g h t  tests.  
c o n t r a c t o r  ( B e l l  He l i cop t e r  Textron) development f l i g h t  tests and has  been  accep t ed  by  t h e  government. These a i r c r a f t  
a r e  i n  a n  a c t i v e  f l i g h t  r e sea rch  s t a t u s  a t  t h e  Dryden F l igh t  Research and Ames Research Centers .  The Quiet Short- haul 
Research A i r c r a f t  (QSRA) was s u c c e s s f u l l y  u t i l i z e d  i n  a j o i n t  NASA/Navy program t o  e v a l u a t e  t h e  a p p l i c a t i o n  of STOL 
p ropu l s ive  l i f t  technology i n  t h e  a i r c r a f t  c a r r i e r  environment. The a i r c r a f t  was t hen  u t i l i z e d  i n  a coope ra t i ve  program 

The second XV-15 t i l t  r o t o r  r e s e a r c h  a i r c r a f t  has completed i t s  
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i n  which Air Force,  Navy, FAA, a i r f r a m e  i n d u s t r y ,  and  a i r l i n e  p i l o t s  p a r t i c i p a t e d  i n  STOL e v a l u a t i o n s .  
e v a l u a t i o n s  p r w i d e d  t h e  u s e r  community w i th  knowledge of QSRA technology c a p a b i l i t i e s  and NASA wi th  guidance on 
a d d i t i o n a l  p ropu l s ive  l i f t  r e s e a r c h  needs from t h e  p e r s p e c t i v e  of p o t e n t i a l  u s e r s .  A coord ina ted  series of smal l- sca le ,  
h igh  speed t u n n e l  model, f u l l - s c a l e ,  low speed t u n n e l  model, and s imu la to r  t e s t s  were s u c c e s s f u l l y  conducted t o  p r w i d e  
a da t a  b a s e  on a promising t i l t  n a c e l l e  subsonic  V/STOL concept .  I n  a d d i t i o n ,  a number of low and h igh  speed wind 
t u n n e l  i m r e s t i g a t i o n s  were conducted on s e v e r a l  supe r son i c  V/STOL f i g h t e r  t y p e  concepts  and V/STOL p ropu l s ion  systems.  

These 

CHANGES FRopILFY 1981 BUDGET ESTIMATES: 

The i n c r e a s e  of $850,000 r e f l e c t s  t h e  Ames Research Center  account ing  procedure change which, beg inning  i n  FY 1981, 
budge t s  t h e  c o s t s  a s s o c i a t e d  w i th  low speed a i r c r a f t  o p e r a t i o n s ,  suppor t ing  system technology and s imu la t i on  a c t i v i t i e s  
i n  t h e  low speed systems technology program f o r  improved management v i s i b i l i t y .  

BASIS OF FY 1982 ESTIMATE: 

F l i g h t  r e s e a r c h  w i l l  con t inue  i n  FY 1982 us ing  t h e  two RSRAvehicles  t o  i n v e s t i g a t e  and document b a s i c  f l i g h t  
c h a r a c t e r i s t i c s  w i th  t h e  d e l i v e r e d  f i v e - b l a d e  r o t o r s .  Acqu i s i t i on  w i l l  con t i nue  of a modern four- blade r o t o r  system f o r  
i n v e s t i g a t i o n  on RSRA. Also, pre l imina ry  de s ign  s t u d i e s  w i l l  b e  accomplished i n  a coope ra t i ve  e f f o r t  w i th  t h e  Army t o  
d e f i n e  a n  advanced technology f l i g h t  r e s e a r c h  r o t o r  f o r  p o s s i b l e  use  on RSRA that could enab l e  s y s t e m t i c  e v a l u a t i o n  of 
v a r i a t i o n s  i n  b l a d e  aerodynamic, s t r u c t u r a l ,  a c o u s t i c  and dynamic c h a r a c t e r i s t i c s .  

The i n i t i a l  phases of XV-15 t i l t  r o t o r  r e s e a r c h  a i r c r a f t  f l i g h t  r e sea rch  program that a r e  aimed p r i m a r i l y  a t  

New composite r o t o r  b l a d e s  w i l l  b e  developed t o  p r w i d e  
documenting t h e  a i r c r a f t  f l i g h t  c h a r a c t e r i s t i c s  and a t  eva lua t i ng  t h e  c a p a b i l i t y  of t h e  a i r c r a f t  i n  performing a number 
of p o t e n t i a l  c i v i l  and m i l i t a r y  miss ions  w i l l  b e  completed. 
improved a i r c r a f t  performance, and adequate  spare b l a d e s  w i l l  b e  acqu i r ed  f o r  a cont inu ing  f l i g h t  experiments  program 
u t i l i z i n g  t h e  a i r c r a f t .  

The r o t o r c r a f t  ope ra t i ng  systems advanced technology programs w i l l  con t i nue  t o  u t i l i z e  b o t h  ground-based s imu la t i on  
and  f l i g h t  r e s e a r c h  techniques .  Research on a l l - w e a t h e r  r o t o r c r a f t  c a p a b i l i t y  w i l l  emphasize remote s i t e  onboard 
systems,  e v a l u a t i o n  of advanced nav iga t i on  and guidance  concepts ,  and  o p e r a t i o n s  i n t o  h igh  d e n s i t y  t e r m i n a l  a r e a s  
u t i l i z i n g  a i r b o r n e  r a d a r ,  NAVSTAR g l o b a l  p o s i t i o n i n g ,  and microwave landing systems. Emphasis w i l l  b e  on t h e  
e x p l o r a t i o n  and  development of advanced technology concepts  that  w i l l  allow r o t o r c r a f t  t o  o p e r a t e  under ins t rument  
f l i g h t  c o n d i t i o n s  w i th  t h e  same u t i l i t y  and f l e x i b i l i t y  a s  t hey  c u r r e n t l y  have under v i s u a l  f l i g h t  cond i t i ons .  

Advanced r o t o r c r a f t  technology programs w i l l  con t inue  t o  grow, focus ing  on coupled a n a l y t i c a l  p r e d i c t i o n  methodology 
and exper imenta l  v e r i f i c a t i o n  through s y s t e m t i c  ground-based and f l i g h t  t e s t i n g  of a number of key r o t o r c r a f t  v e h i c l e  
and ope ra t i ng  system problems. P a r t i c u l a r  emphasis w i l l  b e  placed on systems and  problems a s s o c i a t e d  wi th  improved h igh  
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speed f l i g h t  c a p a b i l i t y ,  on propuls ion ,  and  on l a r g e  scale technology demonstrat ion.  I n  a d d i t i o n  t o  t h e  advanced 
r e s e a r c h  r o t o r  systems a s s o c i a t e d  wi th  RSRA and t h e  XV-15, a second g e n e r a t i o n  advanced aerodynamic r e s e a r c h  r o t o r  w i l l  
b e  acqu i r ed  t o  focus  40 x 80 f o o t  wind t u n n e l  i n v e s t i g a t i o n s  on t h e  problems of convent iona l  t ype  h e l i c o p t e r  r o t o r s  i n  
o p e r a t i o n  a t  h igh  forward speeds.  

A modif ied b e a r i n g l e s s  main r o t o r  w i l l  b e  t e s t e d  i n  t h e  wind t u n n e l  t o  broaden t h e  da ta  b a s e  and v e r i f y  de s ign  
methodology f o r  that c l a s s  of advanced concept r o t o r .  De t a i l ed  f low and p r e s s u r e  measurements w i l l  b e  made on a h i g h l y  
ins t rumented  two-bladed r o t o r  t o  i n v e s t i g a t e  h igh  l i f t ,  s t a l l  boundary c o n d i t i o n s  a s  a p r ecu r so r  f o r  f l i g h t  tests on a n  
upgraded and ins t rumented  AH-1G h e l i c o p t e r .  
c o n t r o l s  t o  reduce  v i b r a t i o n .  Increased  emphasis w i l l  b e  p laced  on a c o u s t i c  r e s e a r c h  i n  a l l  r o t o r c r a f t  i m e s t i g a t i o n s  
in modif ied 40 x 80 and new 80 x 120 foo t  wind t u n n e l s .  I n  t h e  a r e a  of p ropu l s ion ,  i nc r ea sed  emphasis w i l l  b e  placed on 
de s ign  methodology and exper imenta l  r e s e a r c h  on s e l e c t e d  t u r b o s h a f t  p ropu l s ion  subsystems i n  t h e  h e l i c o p t e r  s i z e  
ca t ego ry ,  on power t r a n s f e r  and t r ansmis s ion  technology,  and on l a rge- sca l e  i n v e s t i g a t i o n  of p ropu l s ion  systems f o r  h igh  
speed r o t o r c r a f t  concepts  which r e q u i r e  a v a r i a b l e  convers ion  from s h a f t  horsepower t o  d i r e c t  t h r u s t  t o g e t h e r  wi th  h igh  
engine  a i r  b l e e d  c a p a b i l i t y .  I n  t h e  a r e a  of s t r u c t u r a l  systems,  a s p e c i a l  i n v e s t i g a t i o n  w i l l  b e  completed t o  a s s e s s  
c u r r e n t  u n i f i e d  a i r f r a m e  v i b r a t i o n  p r e d i c t i o n  methods and s p e c i f i c  needs f o r  f u r t h e r  r e sea rch .  Research w i l l  con t inue  
on a c t i v e  and pas s ive  techniques  t o  reduce s t r u c t u r a l  v i b r a t i o n  and on i n t e r n a l  n o i s e  r educ t i on .  Research on advanced 
composite m a t e r i a l  a p p l i c a t i o n s  w i l l  emphasize monitor ing composite a i r f r a m e  components i n  h e l i c o p t e r  o p e r a t i o n a l  use  
and s tudy  of advanced composite s t r u c t u r a l  concepts  f o r  r o t o r c r a f t  a i r f r a m e s .  

Systematic  f u l l - s c a l e  r o t o r  model r e sea rch  w i l l  b e g i n  on h ighe r  harmonic 

I n  t h e  V/STOL a r e a ,  b o t h  t h e  low speed performance and c o n t r o l ,  and t h e  h igh  speed c ru i s e /manewer  c h a r a c t e r i s t i c s  of 
s e v e r a l  promising supe r son i c  V/STOL f i g h t e r  t y p e  a i r c r a f t  c o n f i g u r a t i o n  concepts  w i l l  b e  i n v e s t i g a t e d  i n  wind t u n n e l  
tests of powered small- and  f u l l - s c a l e  models. The f u l l - s c a l e  models t o  b e  t e s t e d ,  o r  i n  f a b r i c a t i o n  f o r  f u t u r e  t e s t s ,  
i n c l u d e  wing-root augmentor,  r o t a t i n g  nozz l e ,  and remote (forward f u s e l a g e )  augmented- lif t  p ropu l s ion  system concepts  t o  
p rov ide  v e c t o r a b l e  t h r u s t  of t h e  n a t u r e  and magnitude r equ i r ed  t o  l i f t  and c o n t r o l  V/STOL a i r c r a f t  i n  hover and low 
speed f l i g h t .  V/STOL propu l s ion  c o n t r o l  m a t h e m t i c a l  models w i l l  b e  merged w i th  a i r f r a m e  c o n t r o l  models f o r  
s o p h i s t i c a t e d  ground-based s imu la t i on  t o  d e f i n e  g e n e r a l  de s ign  c r i t e r i a  f o r  i n t e g r a t e d  a i r f r ame /p ropu l s ion  c o n t r o l s .  
Addi t iona l  s imu la to r  i n v e s t i g a t i o n s  w i l l  b e  undertaken t o  e v a l u a t e  t h e  f l i g h t  c h a r a c t e r i s t i c s  of a few promising V/STOL 
concept de s igns .  Some s imu la t i on  e f f o r t s  w i l l  b e  d i r e c t e d  toward de f in ing  s p e c i f i c  f l i g h t  and  c o n t r o l  system 
c h a r a c t e r i s t i c s  which should b e  i nco rpo ra t ed  i n  c o r o l l a r y  i n- f l i g h t  s imu la t i on  i n v e s t i g a t i o n s .  

The QSRA w i l l  con t inue  t o  b e  used f o r  t h e  development and v e r i f i c a t i o n  of c r i t e r i a  f o r  h igh  p r o p u l s i v e- l i f t  (STOL) 
performance levels and f o r  a s s o c i a t e d  f l i g h t  c o n t r o l  concepts  and p i l o t  d i s p l a y s .  Means of improving t h e  c r u i s e  
e f f i c i e n c y  ( th rough high-speed drag r educ t ion )  without  a major compromise i n  t h e  low speed performance of such  
p ropu l s ive  l i f t  con f igu ra t i ons  w i l l  b e  examined using a n a l y t i c a l  and wind t u n n e l  exper imenta l  s t u d i e s .  
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1981 1982 
1980 Budget Current Budget 

Actual  Est imate  E s t i m a t e  Es t ima te  
(Thousands of D o l l a r s )  

High speed a i r c r a  f t systems technology . . . . . . . . . . . . . . . . . . . 14,695 16,800 16,700 19,400 

OBJECTIVES Am STATUS: 

The o b j e c t i v e  of t h e  h igh  speed a i r c r a f t  systems technology program i s  t o  g e n e r a t e  eng ineer ing  and des ign  data  
a p p l i c a b l e  t o  t h e  development of advanced h i g h  performance,  h igh  speed a i r c r a f t  f o r  m i l i t a r y  and c i v i l  a p p l i c a t i o n s .  
The program o b j e c t i v e  i s  accomplished by  d e t a i l e d  and e x t e n s i v e  s t u d i e s  and a n a l y s e s ,  ground-based s i m u l a t i o n s  and wind 
t u n n e l  exper imental  r e s e a r c h  and f l i g h t  tests. 

The superson ic  c r u i s e  r e s e a r c h  a c t i v i t y  h a s  cont inued t o  a d d r e s s  h igh  p o t e n t i a l  t echno log ies  i n  t h e  c r i t i c a l  
d i s c i p l i n e s  of aerodynamics,  h igh temperature  m a t e r i a l s ,  l igh twe igh t  l o n g- l i f e  s t r u c t u r e s ,  and e n g i n e l a i r f r a m e  
i n t e g r a t i o n .  During t h e  p a s t  y e a r ,  s i g n i f i c a n t  advancements were made i n  s t r u c t u r e s  w i t h  a s i n g l e  s t e p  p rocess  
f a b r i c a t i o n  of l a r g e  complex g r i d  t i t a n i u m  p a n e l s  b y  t h e  s u p e r p l a s t i c  forming and d i f f u s i o n  bonding technique.  
Supersonic  wind t u n n e l  tests of a v a r i a b l e  a r e a  axisymmetric i n l e t  were s u c c e s s f u l l y  accomplished demonstrating s t a b l e  
o p e r a t i o n s  Over a range of speeds  and a n g l e s  of a t t a c k  and yaw. 

During t h e  past year ,  t h e  f l i g h t  exper iments  e f f o r t  inc luded  t h e  s u c c e s s f u l  v a l i d a t i o n  of a NASA-conceived a i l e r o n - t o -  
rudder  i n t e r c o n n e c t  c o n t r o l  system on a n  F-14 a i r c r a f t  a s  p a r t  of a j o i n t  NASAINavy program t o  improve h igh  angle-of-  
a t t a c k  f l i g h t  c h a r a c t e r i s t i c s .  
technology i n t e g r a t i o n  p r o j e c t  invo lv ing  i n t e g r a t e d  f i r e l f l i g h t  c o n t r o l s  i n  a n  F-16 a i r c r a f t  and a miss ion a d a p t i v e  wing 
on a F-111 a i r c r a f t .  The Highly &innewerable A i r c r a f t  Technology (HIMAT) e f f o r t  s u c c e s s f u l l y  f l i g h t  demonstrated t h e  
p r i m r y  m a n e w e r a b i l i t y  des ign  po in t  and cont inued t o  expand t h e  f l i g h t  envelope of t h e  remotely- pi loted r e s e a r c h  
v e h i c l e s  invo lved  i n  t h i s  a c t i v i t y .  

Fb jo r  p rogress  was made on two elements of t h e  j o i n t  NASAIAir Force advanced f i g h t e r  

CEAHGES PBOCI FY 1981 BUDGET ESTmTES: 

The d e c r e a s e  of $100,000 r e f l e c t s  t h e  n e t  r e s u l t  of t h e  change i n  account ing procedures  a t  Ames Research Center  which 
now c a p t u r e s  wind t u n n e l  o p e r a t i o n a l  c o s t s  under t h e  h igh  speed and low speed systems technology programs, and t h e  
reba lanc ing  of program suppor t  c o s t s .  
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BBSIS FOR THE FY 1982 ESTIHATE: 

I n  FY 1982, t h e  supersonic  c r u i s e  r e sea rch  e f f o r t s  w i l l  con t inue  i n  a l l  t h e  c r i t i c a l  d i s c i p l i n e  technologies .  
Aerodynamics w i l l  use  wind t unne l  t e s t i n g  of h igh  speed models t o  v a l i d a t e  h igh  l i f t - t o - d r a g  r a t i o  e s t i m a t e s  and 
de te rmine  s t a b i l i t y  c h a r a c t e r i s t i c s .  More f u e l  e f f i c i e n t  uncowen t iona l  c o n f i g u r a t i o n s  such a s  mu l t i l obe  over  and under 
o r  side- by- side f u s e l a g e  de s igns  w i l l  b e  inc luded .  Ma te r i a l s  and s t r u c t u r e s  a c t i v i t i e s  w i l l  emphasize h igh  tempera ture  
composi tes  and  advanced m e t a l l i c s ,  i nc lud ing  r e l a t e d  f a b r i c a t i o n  techniques ,  aimed a t  lower weight and reduced manu- 
f a c t u r i n g  c o s t s .  
The v a r i a b l e  a r e a  axisymmetr ic  i n l e t  w i l l  b e  t e s t e d  f o r  i t s  low speed performance and a c o u s t i c  c h a r a c t e r i s t i c s ,  and t h e  
a c o u s t i c  hea t  s h i e l d  concept w i l l  b e  i n v e s t i g a t e d  t o  e s t a b l i s h  i t s  c a p a b i l i t i e s  f o r  s i g n i f i c a n t  nozz le  no i s e  
suppress ion .  

I n  FY 1982, a i r f r ame /p ropu l s ion  i n t e g r a t i o n  w i l l  receive a d d i t i o n a l  emphasis f o r  i n l e t s  and nozz les .  

The f l i g h t  experiments  a c t i v i t i e s  i n  FY 1982 w i l l  i nvo lve  tes ts  using a v a r i e t y  of h igh  performance a i r c r a f t  t o  
i n v e s t i g a t e  c r i t i c a l  and new concepts .  A s  p a r t  of t h e  cont inu ing  j o i n t  NASA/Navy p r o j e c t ,  t h e  F-14 a i r c r a f t  w i l l  b e  
flown a t  angles- of- at tack  f o r  i n l e t  d i s t o r t i o n  measurements. I n i t i a l  f l i g h t s  of t h e  v a r i a b l e  camber miss ion  a d a p t i v e  
wing on t h e  Advanced F igh t e r  Technology I n t e g r a t i o n  (AFTI) F-111 a i r c r a f t  w i l l  b e  made i n  N 1982. Ektensive t e s t i n g  
f o r  t h e  advanced d i g i t a l  f l i g h t  c o n t r o l  system i n  t h e  AFTI/F-16 a i r c r a f t  w i l l  occur  p r i o r  t o  i t s  i n t e g r a t i o n  wi th  t h e  
f i r e  c o n t r o l  system. Both AFTI f l i g h t  test  a c t i v i t i e s  w i l l  b e  performed by  t h e  j o i n t  NASA/Air  Force test team. 

I n  FY 1982, t h e  Highly Manewerable  A i r c r a f t  Technology (HiMAT) v e h i c l e s  w i l l  b e  flown t o  a c h i e v e  v a l i d  f l i g h t  
environment exper imenta l  da t a  on t h e  a e r o e l a s t i c a l l y  t a i l o r e d  g r a p h i t e  composite wing/canard s t r u c t u r e  a t  c r i t i c a l  
f l i g h t  cond i t i ons .  Both RPRV a i r c r a f t  w i l l  b e  used t o  complete t h e  f l i g h t  assessment  of t h e  aerodynamics,  b o t h  
performance and s t a b i l i t y  and c o n t r o l ,  of t h e  c l o s e l y  coupled winglcanard des ign  i nco rpo ra t ed  i n  t h e  HiMAT v e h i c l e s .  
Tests w i l l  i n c l u d e  manewering a t  d i f f e r e n t  speeds and a l t i t u d e s  w i th  reduced and nega t i ve  aerodynamic s t a b i l i t y ,  and 
t h e  u t i l i t y  of t h e  remotely- piloted r e sea rch  v e h i c l e  approach f o r  h igh  r i s k  technology t e s t i n g  w i l l  b e  determined.  
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1981 1982 
1980 Budget Current Budget 

A c t u a l  E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

Transpor t  a i r c r a f t  systems technology..  . . . . . . . . . . . . . . . . . . 57,891 33,500 33,100 3 1,400 

OBJECTIVES AHD STATUS: 

The o b j e c t i v e  o f  t h e  t r a n s p o r t  a i r c r a f t  systems technology program i s  t o  develop and demonstra te  advanced technology 
€or  enhancing a i r c r a f t  energy e f f i c i e n c y  and providing o p e r a t i o n a l  c o m p a t i b i l i t y  wi th  t h e  f u t u r e  Na t iona l  Aerospace 
System. 

l a m i n a r  f low c o n t r o l  i s  a technology w i t h  g r e a t  p o t e n t i a l  f o r  drag r e d u c t i o n  and ,  hence,  f u e l  sav ings .  The unsolved 
problems l i e  i n  t h e  d i f f i c u l t y  of producing wings of s u f f i c i e n t  smoothness and uniform s u c t i o n  and i n  mainta ining t h e  
q u a l i t y  of t h e  wing s u r f a c e  i n  normal o p e r a t i o n s  when c louds ,  i c e  p a r t i c l e s ,  i n s e c t s ,  and dus t  a r e  encountered.  N j o r  
development c o n t r a c t s  have been  awarded which w i l l  l e a d  t o  providing o p e r a t i o n a l  exper ience  wi th  wing l ead ing  edge 
sys tems,  cont inued development of promising wing s u r f a c e  sys tems,  and providing v e r i f i c a t i o n  of t h e  s u i t a b i l i t y  of 
advanced a i r f o i l s  f o r  laminar  f low c o n t r o l .  

The energy e f f i c i e n t  t r a n s p o r t  a c t i v i t y  w i l l  develop and e v a l u a t e  advanced aerodynamics,  p ropu l s ion /a i r f rame  
i n t e g r a t i o n ,  and a c t i v e  c o n t r o l s  technology f o r  b o t h  near- term and long- range a p p l i c a t i o n  t o  t r a n s p o r t  a i r c r a f t .  I n  FY 
1981, in-house a c t i v i t y  i s  focused on a c t i v e  c o n t r o l  system d e f i n i t i o n  and component development. F a b r i c a t i o n  and 
assembly of t h e  advanced r e s e a r c h  wing (ARW-2) w i l l  con t inue  through FY 1981 i n  p r e p a r t i o n  f o r  f l i g h t  tests i n  FY 
1982. Three major c o n t r a c t  a c t i v i t i e s  wi th  Boeing, Douglas, and Lockheed cont inued wi th  t h e  development of s e l e c t e d  
near- term concepts  f o r  i n c r e a s i n g  f u e l  e f f i c i e n c y .  I n  FY 1981, Boeing w i l l  con t inue  t h e  i n t e g r a t e d  a p p l i c a t i o n  of 
a c t i v e  c o n t r o l s  t o  t h e  des ign  of a n  energy e f f i c i e n t  t r a n s p o r t .  
and p r e p a r a t i o n  f o r  f l i g h t  tests of w i n g l e t s  on t h e  DC-10. Lockheed w i l l  i n i t i a t e  f i r s t  f l i g h t  tests of a n  i n t e r i m  
c o n t r o l  system f o r  reduced s t a t i c  s t a b i l i t y .  

Douglas w i l l  c o n c e n t r a t e  on t h e  hardware f a b r i c a t i o n  

The o b j e c t i v e  of t h e  composite primary a i r c r a f t  s t r u c t u r e s  e f f o r t s  i s  t o  a c c e l e r a t e  t h e  i n t r o d u c t i o n  of weight and 
c o s t  saving composite secondary and medium primary s t r u c t u r e s  i n  f u t u r e  d e r i v a t i v e  and new commercial t r a n s p o r t  
a i r c r a f t .  Th i s  i s  be ing  accomplished through des ign ,  f a b r i c a t i o n  and c e r t i f i c a t i o n  of s i x  r e p r e s e n t a t i v e  composite 
components. During N 1981 t h r e e  secondary components were completed and i n  f l i g h t  s e r v i c e .  F a b r i c a t i o n  and component 
ground- tes t ing i s  underway on t h e  t h r e e  medium-sized primary components. The f i r s t  f l i g h t  of a primary composite 
s t r u c t u r e  on a commercial a i r c r a f t  w s  ach ieved  a t  t h e  beginning of FY 1981 wi th  t h e  f l i g h t  of t h e  composite s t a b i l i z e r  
on a Boeing 737. F a b r i c a t i o n  and ground t e s t i n g  of t h e  v e r t i c a l  f i n s  f o r  t h e  Lockheed L-1011 and  t h e  D o u g h s  DC-10 w i l l  
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cont inue ,  a s  w i l l  t h e  a c c e l e r a t e d  l i f e  tes t  program. I n  suppor t  of l a r g e r  primary s t r u c t u r e s ,  small subcomponents w i l l  
b e  designed and f a b r i c a t e d  f o r  i n v e s t i g a t i o n s  of f u e l  containment ,  c rashwor th iness  and d u r a b i l i t y ,  and techniques  f o r  
des ign ing  c r i t i c a l  j o i n t s  and connec tors  f o r  composite s t r u c t u r e s .  

The o b j e c t i v e  of t h e  t e rmina l  conf igured  v e h i c l e  program i s  t o  develop a i r b o r n e  systems technology and f l i g h t  
p rocedures  which w i l l  l e a d  t o  s a f e r  and  more p roduc t ive  t e rmina l  a r e a  ope ra t i ons .  m j o r  a t t e n t i o n  i s  be ing  focused on 
t h e  a v i o n i c s ,  d i s p l a y s ,  a i r b o r n e  systems,  and i n t e r f a c e s  between t h e  p i l o t  and t h e  a i r  t r a f f i c  c o n t r o l  system which w i l l  
h e l p  reduce  approach and landing  a c c i d e n t s ,  passenger  d e l a y s ,  f u e l  consumption, and  t h e  n o i s e  levels i n  t h e  v i c i n i t y  of 
major a i r p o r t s .  Presen t  a c t i v i t i e s  i nc lude  experiments  which f u r t h e r  c h a r a c t e r i z e  e f f i c i e n t  descent  and approach pa th s  
and u se  of t h e  microwave landing  system, a r e a  nav iga t i on ,  p r e c i s i o n  pa th  c o n t r o l ,  and onboard d i s p l a y s  t o  improve 
a i r s p a c e ,  runway, and crew u t i l i z a t i o n .  

CHANGES FBon l?Y 1981 BUDGET ESTIMATE: 

The dec rea se  of $400,000 r e f l e c t s  t h e  Ames Research Center  account ing  procedure change which, beginning i n  FY 1981, 
budge t s  f o r  t h e  c o s t s  a s s o c i a t e d  w i th  low speed a i r c r a f t  o p e r a t i o n s ,  suppor t ing  systems technology and s imu la t i on  
a c t i v i t i e s  i n  t h e  low speed systems technology program f o r  improved management v i s i b i l i t y .  

BASIS OF W 1982 ESTIMATE: 

I n  laminar  f low c o n t r o l ,  t h e  a r e a s  of emphasis i n  FY 1982 w i l l  i n c l u d e  e v a l u a t i o n  of c o s t- e f f e c t i v e  manufac tu rab i l i t y  
of t h e  s l o t t e d ,  p e r f o r a t e d ,  and porous wing s u r f a c e  s t r u c t u r e  concepts  and t h e i r  a b i l i t y  t o  wi ths tand  f l i g h t  l oads  i n  
ground tests .  Evalua t ion  of w i n g  leading- edge contamina t ion  w i l l  b e  made, where s u r f a c e  roughness,  p a r t i c u l a r l y  due t o  
i n s e c t  r e s i d u e ,  i s  a p o t e n t i a l l y  s e r i o u s  problem. High speed wind t unne l  tes ts  of a n  advanced a i r f o i l  i nco rpo ra t i ng  
laminar  f low c o n t r o l  f e a t u r e s  w i l l  b e  conducted. 

I n  t h e  energy e f f i c i e n t  t r a n s p o r t  program, in- house a c t i v i t i e s  w i l l  b e  focused on t h e  f i n a l  e q a l u a t i o n  of t h e  f a u l t  
t o l e r a n t  computer systems and t h e  f l i g h t  test of t h e  advanced r e sea rch  wing. A l l  t h r e e  c o n t r a c t  a c t i v i t i e s  w i l l  b e  i n  
t h e  f l i g h t  tes t  phase of t h e  concepts  f a b r i c a t e d  i n  FY 1981. 

I n  t h e  composite primary a i r c r a f t  s t r u c t u r e s  program t h e  remaining two medium-sized primary components, t h e  v e r t i c a l  
f i n s  f o r  t h e  L-1011 and  DC-10, w i l l  e n t e r  f l i g h t  t e s t i n g .  The a c c e l e r a t e d  f a t i g u e  and errvironmental e f f e c t s  l i f e  
t e s t i n g  w i l l  con t inue .  Under t h e  key t echno log i e s  f o r  t h e  l a r g e  s t r u c t u r e s  e f f o r t ,  exper imenta l  t e s t i n g  of a s e r i e s  of 
subcomponents w i l l  b e  completed. 

During FY 1982, s t u d i e s  w i l l  b e  d i r e c t e d  toward a l a r g e  composite primary a i r c r a f t  s t r u c t u r e s  program which w i l l  
p r w i d e  a v e r i f i e d  technology b a s e  f o r  t h e  use  of g r a p h i t e  composite m a t e r i a l s  i n  t h e  f a b r i c a t i o n  of l i g h t e r  weight ,  
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lower c o s t  primary s t r u c t u r e s .  F u l l  a p p l i c a t i o n  of secondary and medium primary composite components on a t r a n s p o r t  
a i r c r a f t  w i l l  y i e l d  a f u e l  saving of approximately  two percen t .  
10-12% improvement. A major technology development program i s  requ i red  t o  r e s o l v e  c r i t i c a l  problems i n  t h e  d e s i g n  and 
f a b r i c a t i o n  of a v e r y  l a r g e ,  t h i c k ,  h i g h l y  loaded s e c t i o n s  from g r a p h i t e  composite m a t e r i a l s .  A s  w i th  t h e  composite 
secondary and medium primary components, t h e  l a r g e  composite primary a i r c r a f t  s t r u c t u r e s  program a c t i v i t i e s  would b e  
c a r r i e d  out p r i n c i p a l l y  under c o n t r a c t  t o  i n d u s t r y .  I n  f u t u r e  y e a r s ,  t h r e e  m u l t i y e a r ,  cos t- shared c o n t r a c t s  would b e  
a m r d e d  t o  Boeing, Douglas, and Lockheed t o  des ign ,  b u i l d ,  and tes t  f u l l - s c a l e  s e c t i o n s  of t h e  major load  c a r r y i n g  
s t r u c t u r e  of a r e p r e s e n t a t i v e  t r a n s p o r t  wing. Out yea r  e f f o r t s  w i l l  a d d r e s s  a p p l i c a t i o n  of t h e s e  t echn iques  t o  f u s e l a g e  
c o n s t r u c t i o n  a s  w e l l .  

Use of composites i n  primary s t r u c t u r e s  p rov ides  a 

I n  FY 1982 t h e  t e r m i n a l  conf igured v e h i c l e  program w i l l  con t inue  t o  i n v o l v e  i n d u s t r y ,  a i r l i n e  f l i g h t  crews, and FAA i n  
concept a n a l y s i s ,  development, and v a l i d a t i o n  t o  a c q u i r e  u s e r  understanding and accep tance .  I n t e r a c t i v e  s imula t ion  and 
f l i g h t  exper iments  w i t h  t h e  a i r  t r a f f i c  c o n t r o l  system w i l l  b e  conducted. Advanced f l i g h t  deck developments us ing so- 
p h i s t i c a t e d  e l e c t r o n i c  d i s p l a y s ,  d i g i t a l  a v i o n i c s ,  and t h e  a c c u r a t e  management of t h r u s t  and performance w i l l  a l s o  b e  
c a r r i e d  o u t .  

1981 1982 
1980 Budget Current Budget 

Actual  Est imate  Est imate  Est imate  
(Thousands of D o l l a r s )  

Advanced p ropu l s ion  systems technology..  . . . . . . . . . . . . . . . . . 72,278 50,700 47,800 3 8,800 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  advanced p ropu l s ion  systems technology program i s  t o  a c h i e v e  improved performance,  lower f u e l  
consumption, and reduce n o i s e  and emiss ions  from f u t u r e  a i r c r a f t  engines  through t h e  i n t e g r a t i o n  of improved p ropu l s ion  
components . 

The component development and i n t e g r a t i o n  phase  of t h e  energy e f f i c i e n t  eng ine  program con t inues .  F u l l- s c a l e  
component r i g  t e s t i n g  i s  proceeding a s  planned. T e s t s  of t h e  f r o n t  s t a g e s  of t h e  advanced 23 : l  p r e s s u r e  r a t i o  
compressor f o r  t h e  General  E l e c t r i c  engine  d e s i g n  ach ieved  performance g o a l s .  Sec to r  t e s t i n g  of t h e  P r a t t  & Whitney, 
two- stage combustor has been  s u c c e s s f u l l y  completed. I n  FY 1981, t e s t s  of a l l  major engine  components w i l l  b e  
completed. I n  t h e  advanced turboprop program, p r o g r e s s  con t inues  i n  t h e  aerodynamic, a c o u s t i c ,  and s t r u c t u r a l  a s p e c t s  
of advanced turboprop p ropu l s ion  systems. Emphasis i n  FY 1981 w i l l  b e  on o b t a i n i n g  d e f i n i t i v e  da ta  on n o i s e  a t  c r u i s e  
c o n d i t i o n s ,  f u s e l a g e  n o i s e  a t t e n u a t i o n ,  e f f i c i e n t  wing mounting, and l a r g e- s c a l e  b l a d e  des ign.  I n  t h e  v a r i a b l e  c y c l e  
engine  program, a e r o / a c o u s t i c  t e s t i n g  of t h e  core- driven f a n  system w i l l  b e  completed dur ing t h e  f i r s t  h a l f  of FY 
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1981. This  i n c l u d e s  a n  assessment  of t h e  a d d i t i o n a l  no i s e  r educ t i on  c a p a b i l i t i e s  of a mechanical suppressor  and a 
t r e a t e d  shroud opera t ing  i n  conjunc t ion  wi th  t h e  coannular  exhaust nozzle  system. E f fo r t  on o t h e r  advanced suppress ion  
techniques  such a s  t h i n  shea th  thermal  s h i e l d i n g  w i l l  con t inue  through t h e  year .  I n  a d d i t i o n ,  e f f o r t  w i l l  b e  i n i t i a t e d  
i n  FY 1981 on c r i t i c a l  low-spool t e chno log i e s  unique t o  t h i s  p ropuls ion  concept .  This w i l l  i n c lude  des igns  of a 
v a r i a b l e  f low f a n ,  a f l i g h t- t y p e  duc t  bu rne r ,  and a n  advanced s ing l e- s t age  t u r b i n e .  As recommended by t h e  Congress,  
e f f o r t  w i l l  b e  i n i t i a t e d  i n  FY 1981 on high- spool components wi th  emphasis on t h e  a p p l i c a t i o n  of advanced m t e r i a l s ,  
c o a t i n g s ,  and cool ing  t echno log i e s  t o  t h e  c o r e  t u r b i n e  and primary combustor. 

CEANGES FROM FY 1981 BUDGET ESTIMATES: 

The dec rea se  of $2.9 m i l l i o n  r e f l e c t s  a ne t  combination of a d d i t i o n a l  funds p r m i d e d  by Congress f o r  h igh  tempera ture  
engine c o r e  technology i n  support  of t h e  v a r i a b l e  c y c l e  engine program ($3.5 m i l l i o n ) ,  and t h e  w e r a 1 1  Congressicnal  
r educ t i on  i n  a p p r o p r i a t i o n s  reques ted  r e s u l t i n g  i n  rephased funding i n  t h e  energy e f f i c i e n t  engine  program ( $ 6 . 4  
m i l l i o n ) .  

BASIS OF 1982 ESTIMATE: 

I n  t h e  energy e f f i c i e n t  engine program, t h e  f i r s t  i n t e g r a t e d  system test  of t h e  high- spool components assembled i n  a 
g a s  g e n e r a t o r  c o r e  engine  w i l l  b e  conducted i n  FY 1982. Fab r i ca t i on ,  f i n a l  assembly,  and checkout of t h e  i n t e g r a t e d  
co re  and low-spool system w i l l  a l s o  b e  completed i n  p r e p a r a t i o n  f o r  tes ts  planned f o r  e a r l y  FY 1983. 

The v a r i a b l e  c y c l e  engine technology program w i l l  con t inue  t o  focus  on development and demons t ra t ion  of t h e  c r i t i c a l  
low-spool t e chno log i e s  unique t o  a v a r i a b l e  c y c l e  propuls ion  system. F a b r i c a t i o n  and r i g  t e s t i n g  of advanced component 
de s igns  of a s i m p l i f i e d  duct  b u r n e r ,  a v a r i a b l e  f low f a n ,  and a s i n g l e  s t a g e  t u r b i n e  w i l l  con t inue  through Fy 1982. 
S i g n i f i c a n t  e f f o r t  w i l l  a l s o  b e  d i r e c t e d  towards advanced suppress ion  techniques  which can provide  a d d i t i o n a l  no i s e  
r educ t i on  b e n e f i t s  f o r  f u t u r e  supe r son i c  c r u i s e  a i r c r a f t  w i th  minimal opera t iona l /per formance  p e n a l t i e s .  Advanced 
coannular / suppressor  nozz l e  systems which i n c o r p o r a t e  mechanical supp re s so r s ,  t h i n  shea th  thermal  s h i e l d s ,  and o t h e r  
promising concepts  w i l l  b e  eva lua ted  f o r  b o t h  a c o u s t i c  and ae.rodynamic performance. E f fo r t  w i l l  a l s o  b e  i n i t i a t e d  i n  FY 
1982 towards v e r i f i c a t i o n  of t h e  coannular  nozz l e  n o i s e  r educ t i on  b e n e f i t  a t  forward v e l o c i t y .  This w i l l  i n c lude  model 
tests p repa ra to ry  t o  a f l i g h t  demons t ra t ion  on t h e  NASA J e t S t a r  a i r c r a f t  and mod i f i ca t i on  of t h e  VCE test  system f o r  
a c o u s t i c  w a l u a t i o n s  i n  t h e  NASA Ames 40 x 80 f o o t  wind t unne l .  

The advanced turboprop  program a c t i v i t y  w i l l  emphasize l a rge- sca l e  p r o p e l l e r s  and t h e  g a s  t u r b i n e  d r i v e  system which 
w i l l  power ground tests. A c o n t r a c t  w i l l  b e  l e t  i n  l a t e  FY 1981 f o r  t h e  de s ign  and f a b r i c a t i o n  of p r o p e l l e r  b l a d e s  f o r  
t h e  appproxi rmte ly  10-foot-diameter  r o t o r s  f o r  t h e  ground test program. A FY 1982 c o n t r a c t  w i l l  cuver t h e  procurement 
and mod i f i ca t i on  of t h e  d r i v e  system, t h e  de t e rmina t i on  of h igh  speed wind t u n n e l  t e s t i n g  f e a s i b i l i t y  and ,  i n  l a t e r  
y e a r s ,  t h e  conduct of t h e  p r o p e l l e r  ground t e s t i n g .  I n  o t h e r  a c t i v i t i e s ,  i n s t a l l a t i o n  aerodynamics and f u s e l a g e  n o i s e  

RD 9-38 



a t t e n u a t i o n  exper iments  will b e  r e f i n e d ,  l ead ing  t o  improved p r e d i c t i o n s  of turboprop b e n e f i t s  and d e f i n i t i o n  of tes t  
bed a i r c r a f t  c o n f i g u r a t i o n s .  E f f i c i e n t  engine  i n l e t  des igns  w i l l  b e  d e r i v e d  i n  a complementary e f f o r t .  

1981 1982 
1980 Budget Current Budget 

Actual  E s t i m a t e  Est imate  Es t ima te  
(Thousands of D o l l a r s )  

Numerics 1 a erodynamic s imula t o  r . . . . . . . . . . . . . . . . . . . . . . . . . . --- --- --- 16,000 

OBJECTIVES AND STATUS: 

A primary o b j e c t i v e  of t h e  Numerical Aerodynamic Simulator  (NAS) p r o j e c t  i s  t o  des ign  and develop a unique,  l a r g e -  
scale, h i g h  performance computat ional  r e s o u r c e  f o r  so lv ing  v i s c o u s ,  th ree -d imens iona l  f lu id- f low e q u a t i o n s  s p e c i a l l y  
o r i e n t e d  toward t h e  s o l u t i o n  of aerodynamic and f l u i d  dynamic problems. 
computat ional  r e s o u r c e  f o r  a p p l i c a t i o n  t o  a b roader  scope of problems of i n t e r e s t  t o  NASA. World l e a d e r s h i p  i n  
aerodynamics w i l l  soon belong t o  t h e  coun t ry  w i t h  t h e  g r e a t e s t  computat ional  c a p a b i l i t y ,  and s u p e r i o r  aerodynamics is a n  
e s s e n t i a l  element i n  t h e  des ign  of s u p e r i o r  a i r c r a f t .  The Europeans and Japanese a r e  making r a p i d  p rogress  i n  t h e  a r e a  
of aerodynamics.  They a r e  buying o r  b u i l d i n g  a computat ional  c a p a b i l i t y  a t  least equa l  t o  o u r s .  F u r t h e r ,  t h e  Japanese  
a r e  p lanning a computer of t h e  NAS c l a s s .  
technology,  NAS w i l l  b e  requ i red .  

A secondary o b j e c t i v e  i s  t o  g e n e r a l i z e  t h e  

I n  o r d e r  t o  main ta in  world preeminence i n  b o t h  aerodynamics and computer 

The Numerical Aerodynamic Simulator  will b e  used i n  a l l  phases of  a e r o n a u t i c a l  r e s e a r c h  and development, inc lud ing  
b a s i c  r e s e a r c h ,  p re l iminary  a i r c r a f t  component des ign ,  and a i r c r a f t  c o n f i g u r a t i o n  refinement and op t imiza t ion .  I n  t h e  
a r e a  of b a s i c  r e s e a r c h ,  i t  w i l l  permit  i n v e s t i g a t i o n s ,  a t  a level of d e t a i l  c u r r e n t l y  imposs ib le ,  i n t o  t h e  phys ics  of 
important  f l u i d  dynamic phenomena such a s  boundary- layer t r a n s i t i o n ,  t u r b u l e n c e ,  f low s e p a r a t i o n  and rea t t achment ,  and 
t h e  o r i g i n  of aerodynamic no i se .  E s s e n t i a l l y  f i r s t - p r i n c i p l e  c a l c u l a t i o n s  will prov ide  t h e  i n d e p t h  unders tanding t h a t  
i s  r e q u i r e d  i n  t h e  e v o l u t i o n  of new concepts  f o r  reducing aerodynamic drag and n o i s e  and f o r  i n c r e a s i n g  p ropu l s ion  
system performance. I n  p re l iminary  des ign ,  t h e  numerical  aerodynamic s i m u l a t o r  w i l l  b e  used t o  numerical ly  e x p l o r e  a 
v e r y  l a r g e  number of a i r c r a f t  components and c o n f i g u r a t i o n s  t o  a g r e a t e r  t e c h n i c a l  dep th  t h a n  i s  c u r r e n t l y  economically 
f e a s i b l e .  Th i s  will l ead  t o  more r e f i n e d  i n i t i a l  d e s i g n s  b e f o r e  commitment i s  made t o  b e g i n  c o s t l y  and time-consuming 
wind t u n n e l  tests t h u s  i n c r e a s i n g  t h e  p r o d u c t i v i t y  of t h e  Nation's major wind t u n n e l s .  I n  t h e  c o n f i g u r a t i o n  ref inement  
and o p t i m i z a t i o n  phase of development, i t  will prov ide  t h e  oppor tun i ty  t o  use  powerful  numerical  o p t i m i z a t i o n  methods t o  
r e f i n e  components of c o n f i g u r a t i o n s  i n  combination r a t h e r  t h a n  s e p a r a t e l y  so a s  t o  minimize u n d e s i r a b l e  i n t e r f e r e n c e  
b e t w e  en components . 
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These a p p l i c a t i o n s  t o  a i r c r a f t  de s ign  problems w i l l  s i g n i f i c a n t l y  c o n s t r a i n  t h e  r a p i d l y  e s c a l a t i n g  cos t  of development 
of new a i r c r a f t .  Although primary use  w i l l  b e  f o r  aerodynamic work, some t i m e  w i l l  b e  a v a i l a b l e  f o r  pioneering work i n  
o t h e r  d i s c i p l i n e s  that  r e q u i r e  l a r g e  s c i e n t i f i c  computers; f o r  example, work i n  p ropu l s ion  technology ,  weather  and 
c l i r m t e  modeling, computat ional  chemis t ry ,  computat ional  a s t r o p h y s i c s ,  and s t r u c t u r a l  a n a l y s i s  w i l l  b e  pos s ib l e .  The 
i n i t i a l  emphasis i s  t o  de s ign  and cons t ruc t  a n  advanced computer wi th  t h e  c a p a b i l i t y  t o  perform t h e  wide range of needed 
f low s imu la t i ons .  The computer r equ i r ed  w i l l  need s u b s t a n t i a l l y  more memory and speed (memory of 2 4 0  m i l l i o n  words and 
speed of 1000 m i l l i o n  f l o a t i n g  poin t  o p e r a t i o n s  per  second) t han  i s  a v a i l a b l e  o r  planned by t h e  computer i n d u s t r y  f o r  
t h e  f o r e s e e a b l e  f u t u r e .  Pre l iminary  and f e a s i b i l i t y  s t u d i e s  have demonstrated that i t  i s  p r a c t i c a l  t o  b u i l d  a computer 
w i th  t h e s e  c h a r a c t e r i s t i c s  using t h e  b e s t  s ta te- of- the- ar t  m ic roe l ec t ron i c s .  The des ign  d e f i n i t i o n  (phase B )  s t u d i e s  
a r e  underway and t h e  r eques t  f o r  p roposa ls  f o r  t h e  d e t a i l e d  de s ign ,  c o n s t r u c t i o n ,  and i n t e g r a t i o n  (phase C/D)  c o n t r a c t  
w i l l  b e  i s s u e d  i n  e a r l y  FY 1982. 

BASIS OF FY 1982 ESTIMATE: 

Pre l imina ry  p r o j e c t  s t u d i e s  have i n d i c a t e d  that t h r e e  important  f unc t i ons  should a l l  b e  accomplished w i t h i n  t h e  f i r s t  
e i gh t een  months of t h e  NAS p r o j e c t ;  d e t a i l e d  de s ign  of t h e  process ing  system, complete computer s imu la t i on  of t h e  
d e t a i l e d  de s ign ,  and purchase of t h e  front- end (suppor t )  computer system on which t o  conduct t h e  s imula t ion .  The FY 
1982 budget w i l l  permit t h e s e  and o t h e r  a s s o c i a t e d  c r i t i c a l  a c t i v i t i e s  t o  b e  i n i t i a t e d  and s u b s t a n t i a l l y  advanced dur ing  
FY 1982. 

I n  t h e  near- term, major emphasis w i l l  b e  on des ign ,  d e s i g n  v a l i d a t i o n ,  and engineer ing  p l ans  of t h e  advanced numerical  
p roces so r ,  t h e  i n t e g r a t e d  supported p roces so r ,  and t h e  u se r  i n t e r f a c e  system. These system des ign  and engineer ing  
e f f o r t s ,  t o  b e  c a r r i e d  out  by major computer manufac turers ,  w i l l  p rov ide  system a r c h i t e c t u r e ,  d e t a i l e d  l o g i c  de s ign  and 
hardware s p e c i f i c a t i o n ,  and c r i t i c a l  component pro to typing  and s imula t ion .  In a d d i t i o n ,  t h e s e  s t u d i e s  w i l l  p rov ide  
d e t a i l e d  c o s t  and schedule  estimates f o r  t h e  f i n a l  de s ign  and f a b r i c a t i o n  phase. Concurrent w i th  t h e  computer system 
s t u d i e s ,  t h e  a r c h i t e c t u r a l  de s ign  of t h e  b u i l d i n g  t o  house t h e  numerical  aerodynamic s imu la to r  w i l l  b e  c a r r i e d  o u t .  
Following t h e s e  e f f o r t s ,  and s u b j e c t  t o  a p p r o p r i a t e  reviews and app rova l s ,  NASA w i l l  award c o n t r a c t s  f o r  t h e  f a b r i c a t i o n  
of t h e  s imu la to r  and a s s o c i a t e d  systems.  
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RESEARCH AND DEVBLOPMENT 

FISCAL YEAR 1982 ESTIMATES 

BUDGET SIRIPIABY 

OFFICE OF AERONAUTICS AND SPACE TECHNOJ&GY SPACE RESEABCH AND TECHNOLOGY PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

1981 1982 
1980 Budget Current  Budget Page 

Actual  Est imate  Estimate E s t i m a t e  NO 

(Thousands of D o l l a r s )  

Research and technology b a s e  ........................... 99. 816 100. 300  101. 100 124. 800 RD 10- 3 
Systems technology programs ............................ 10. 770 7. 800 7. 500 13. 200 RD 10-19 
Standards and p r a c t i c e s  ................................ 5. 000 2. 100 2. 100 3. 000 RD 10-23 

................................................ 141. 000 T o t a l  115. 586 110. 200 110. 700 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Johnson Space Center ................................... 10. 287 
thrshall Space F l igh t  Center ........................... 8. 920 

Jet Propuls ion Laboratory .............................. 23. 071  
Ames Research Center  ................................... 8. 968 

Langley Research Center ................................ 27. 411 
L e w i s  Research Center .................................. 22. 228 
Headquarters ........................................... 5. 265 

Goddard Space F l i g h t  Center ............................ 9. 436 

Dryden F l igh t  Research Center .......................... --- 

Tota l  ................................................ 115. 586 

8. 000 
7. 050 
9. 100 

19. 3 0 0  
9. 500 

28. 100 
25. 200 

3. 950 

... 

8. 400 
7. 000 
9. 000 

19. 700 
9. 800 

100 
28. 700 
25. 000 

3. 000 

10. 100 
11. 700 
12. 400 
24. 900 

100 
36. 200 
29. 700 

3. 900 

12. 000 

141. 000 
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BESEABCH AND DEVEU)PnENT 

FISCAL YEAB 1982 ESTIMATES 

OFFICE OF AFXONAUTICS AND SPACE TECHNOLOGY SPACE BESEABCB AND TECHNOLOGY PROGBAH 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The o b j e c t i v e s  of t h e  Space Research and Technology program a r e  t o  provide  t h e  technology b a s e  necessary  t o  support  
cu r r en t  and f u t u r e  space a c t i v i t i e s ,  t o  formula te  technology op t ions  f o r  t h e  f u t u r e ,  and t o  advance technology i n  o rde r  
t o  reduce f u r t h e r  t h e  c o s t s  of space  a c t i v i t i e s .  

The FY 1982 program suppor t s  t h e s e  o b j e c t i v e s  b y  s t r e s s i n g  technology a r e a s  judged t o  b e  most c r i t i c a l  by  adv i so ry  
This  technology i s  needed t o  enhance 

Emphasis will b e  
groups ,  a s p e c i a l  in-house assessment ,  and in-house u s e r s  of t h e  technology. 
planned miss ions  and t o  enable  accomplishment of miss ions  which a r e  beyond c u r r e n t  c a p a b i l i t i e s .  
d i r e c t e d  t o  t h e  i d e n t i f i c a t i o n  and development of fundamental and system t echno log ie s  t o  support  t h e  development of 
i n f o r m t i o n  systems,  t r a n s p o r t a t i o n  systems,  and spacec ra f t  systems t h a t  w i l l  enable  f u t u r e  low cos t  miss ions .  When 
r equ i r ed ,  t h e  program demonstrates  t h e  r ead ines s  of new technology by  space  o r  ground experiments t o  a s s u r e  i t s  
acceptance  f o r  u t i l i z a t i o n  i n  planned missions.  

CHblOGES FROM FY 1981 BUDGm ESTIMATE: 

The ne t  i n c r e a s e  of $500,000 r e f l e c t s  a d d i t i o n a l  funds provided by  t h e  Congress f o r  increased  emphasis i n  advanced 
propuls ion  and l a r g e  space  s t r u c t u r e s  ($3.0 m i l l i o n ) ,  p a r t i a l l y  o f f s e t  by  t h e  a p p l i c a t i o n  t o  t h i s  program of a p o r t i o n  
of t h e  g e n e r a l  Congressional  r educ t ion  ($2.5 m i l l i o n )  i n  t h e  o v e r a l l  a p p r o p r i a t i o n  r eques t s  which has been  d i s t r i b u t e d  
a c r o s s  many program elements  a s  addressed  below. 
r e sea rch  and technology b a s e  have been  rebalanced t o  f u r t h e r  augment t h e  p r i o r i t y  advanced propuls ion  e f f o r t s  which w i l l  
provide f o r  i nc reased  f u t u r e  space  propuls ion  c a p a b i l i t y  f o r  t h e  Nation. 
and technology b a s e  d i s c i p l i n e s  r e f l e c t  a r e v i s i o n  t o  t h e  Ames Research Center method of budget ing f o r  t h e i r  thermo- 
gasdynamics f a c i l i t i e s .  The o p e r a t i o n a l  c o s t s  were p rev ious ly  funded under s e v e r a l  of t h e  r e sea rch  and technology 
d i s c i p l i n e s .  Beginning i n  FY 1981, t h i s  a c t i v i t y  w i l l  b e  budgeted i n  t h e  aerothermodynamics r e sea rch  and technology 
d i s c i p l i n e  f o r  i nc reased  management v i s i b i l i t y .  

Add i t i ona l ly  t h e  funding levels of s e v e r a l  d i s c i p l i n e s  w i t h i n  t h e  

Other minor real ignments  w i th in  t h e  r e sea rch  

M I S  OF FY 1982 XSTIMATES: 

FY 1982 e s t i m a t e s  f o r  t h e  r e sea rch  and technology b a s e  i n c l u d e  a n  i n c r e a s e  of about  t e n  percent  above t h e  i n f l a t i o n  
adjustment  over t h e  FY 1981 level. This  r e f l e c t s  r ecogn i t i on  t h a t  b a s i c  r e sea rch  and technology must b e  s t rengthened  i f  
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w e  a r e  t o  ma in ta in  a s t r o n g  r e s e a r c h  and technology b a s e  i n  t h e  d i s c i p l i n e s  of  aerodynamics, chemical  p ropu l s ion ,  
m t e r i a l s  and s t r u c t u r e s ,  e l e c t r o n i c s  and automat ion,  space power and e l e c t r i c  propuls ion.  
t o  p rov ide  t h e  technology b a s e  f o r  f u t u r e  miss ions  r equ i r ing  informat ion,  s p a c e c r a f t  and t r a n s p o r t a t i o n  systems. 

I n  FY 1982, systems s t u d i e s  w i l l  con t inue  t o  focus  t h e  d i s c i p l i n e  and system a c t i v i t i e s  i n  d i r e c t i o n s  which w i l l  

These e f f o r t s  w i l l  con t inue  

p rov ide  t h e  maximum b e n e f i t s  from a v a i l a b l e  r e sources .  

BASIS OF FUNDING REQUIREMENTS: 

RESEARCH AND TECHNOLOGY BASE 

Aerothermodynamics r e s e a r c h  and technology....... ...... 
W t e r i a l s  and s t r u c t u r e s  

Space power and e l e c t r i c  p ropu l s ion  resea rch  
and technology....... ................................ 

M i l t i d i s c i p l i n a r y  resea rch  and technology.............. 

Chemica 1 propu l s ion  r e s e a r c h  and technology.. .......... 
r e sea rch  and technology.. ..... 

E l e c t r o n i c s  and automat ion r e s e a r c h  and technology..  ... 

Informat ion systems r e s e a r c h  and technology.. .......... 
Spa cecra f t systems resea rch  and technology ............. 
Transpor ta t ion  systems r e s e a r c h  and technology.. ....... 

Total................................................ 

1980 
Actual 

5,400 
8,900 

15,376 
8,123 

19,364 
2 , 644 

21,847 

10,725 

99,816 

7,437 

1981 
Budget Current 

E s t  ilna t e Estimate 
(Thousands of D o l l a r s )  

5,900 7,800 
9,000 12,400 

16,000 14,000 
8,500 7,900 

19,700 19,200 
2,800 2,700 

21,900 21,300 
8,500 9,000 
8,000 6,800 

100,300 101,100 

1982 
Budget 

E s t i m a t e  

8,700 
16,600 
17,500 
11,000 

21,800 
5,200 

25,000 
10,300 

8,700 

124,800 

Page 
NO 

RD 10-4 
RD 10-5 
RD 10-7 
RD 10-9 

RD 10-11 
RD 10-12 
RD 10-13 
RD 10-15 
RD 10-17 
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1981 1981 
1980 Budget Current Budget 

Aerothermodynamics 

A c t u a l  E s t  i m a  t e E s t i m a t e  E s t  i& t e 
(Thousands of Do l l a r s )  

r e sea rch  and technology..  . . . . . . . . . . . 5,400 5 , 900 7 , 800 8,700 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  e f f o r t  is t o  expand t h e  understanding of t h e  aerothermodynamic, g a s  dynamic, and f l i g h t  
mechanics problems a s s o c i a t e d  wi th  a tmospher ic  e n t r y  and/or  upper atmosphere m n e w e r s  of spacec ra f t  designed f o r  Ea r th  
o r b i t a l  miss ions  and p l ane t a ry  exp lo ra t i on .  This  knowledge w i l l  b e  a p p l i e d  t o  t h e  imprwement of t h e  s a f e t y ,  
r e l i a b i l i t y ,  and e f f i c i e n c y  of such s p a c e c r a f t .  

I n  t h e  a r e a  of  space  v e h i c l e  con f igu ra t ion  and aerothermodynamics, technology assessment  s t u d i e s  have i n d i c a t e d  t h a t  
f o r  advanced, heavy l i f t  , single- stage- to- orbi t  v e h i c l e s ,  t h e  f a r - a f t - c e n t e r  of g r a v i t y  l o c a t i o n  ( g r e a t e r  t h a n  75 
percent  of l eng th )  i s  a major des ign  i s s u e .  This  i s s u e  must b e  addressed  and so lved  b e f o r e  advantages  a s s o c i a t e d  wi th  
advanced technology can  b e  r e a l i z e d .  I n  t h e  a r e a  of p l ane t a ry  e n t r y  probes ,  t h e  c a p a b i l i t y  has  been  developed t o  
c a l c u l a t e  t h e  t u r b u l e n t  f low f i e l d  about  a massively a b l a t i n g  sphere lcone  e n t r y  body during descent  through t h e  
atmosphere of J u p i t e r .  I n  t h e  f l i g h t  da ta  a n a l y s i s  e f f o r t ,  s e v e r a l  experiments  t o  b e  conducted on t h e  S h u t t l e  o r b i t e r  
a r e  under cons t ruc t ion .  These experiments  w i l l  p r w i d e  r e sea rch  q u a l i t y  da t a  f o r  u se  i n  eva lua t ing  t h e o r e t i c a l  and 
ground-based experimental  methods, a s  w e l l  a s  p r w i d e  f o r  a n  i nc reased  da ta  b a s e  f o r  f u t u r e  des ign  problems. 

CHlLNGES PBon FY 1981 BUDGET ESTIMATES: 

The i n c r e a s e  of $1.9 m i l l i o n  p r imar i l y  r e f l e c t s  t h e  change i n  t h e  method t h e  Ames Research Center (ARC) uses  t o  
account  f o r  in-house ope ra t ions  c o s t s .  
element w i l l  fund t h e  full c o s t s  of t h e  thermo-gasdynamic f a c i l i t i e s  a t  ARC. 

This  i n c r e a s e  r e f l e c t s  t h a t  t h e  aerothermodynamics r e sea rch  and technology b a s e  

BASIS OF FY 1982 ESTIMATE: 

I n  t h e  a r e a  of space  v e h i c l e  con f igu ra t ion  and aerothermodynamics, e f f o r t s  a r e  aimed a t  imprwing  v e h i c l e  performance 
and r e l i a b i l i t y  and reducing c o s t s  f o r  a v a r i e t y  of p o t e n t i a l  space  missions.  I n  FY 1982, continued emphasis w i l l  b e  
p laced  on  development of t heo ry ,  advanced computat ional  methods, and computer codes f o r  p r e d i c t i n g  v e h i c l e  flow f i e l d s  
and performance; development of improved ground4iased experimental  techniques  , i n s t rumen ta t ion  and s imu la t ion  
c a p a b i l i t y ;  p r w i s i o n  of advanced v e h i c l e  des ign  i n t e g r a t i o n  c a p a b i l i t y ;  and development of a data  b a s e  from ground 
f a c i l i t y  and f l i g h t  i n v e s t i g a t i o n s  f o r  support  of f u t u r e  v e h i c l e  design.  
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The p l a n e t a r y  probe technology e f f o r t  provides  t h e  aerothermodynamic b a s e  which suppor t s  c u r r e n t  and f u t u r e  s c i e n t i f i c  
miss ions  t o  s tudy  t h e  atmospheres of Venus, b r s ,  t h e  o u t e r  p l a n e t s ,  and c e r t a i n  of t h e i r  s a t e l l i t e s .  This technology 
b a s e  i s  used i n  t h e  des ign ,  development, and v e r i f i c a t i o n  of p l a n e t a r y  probe c o n f i g u r a t i o n s ,  and provides  t h e  f l i g h t  
mechanics da ta  i n  suppor t  of a tmospher ic  r e c o n s t r u c t i o n  experiments.  In FY 1982, t h e o r e t i c a l  and exper imenta l  e f f o r t s  
w i l l  b e  pursued t o  develop a da ta  b a s e  t o  b e  used t o  minimize p l a n e t a r y  miss ion  c o s t s ,  t o  maximize t h e  s c i e n t i f i c  
r e t u r n s ,  and t o  i n s u r e  a h igh  p r o b a b i l i t y  of miss ion success .  

The f l i g h t  da ta  a n a l y s i s  e f f o r t  w i l l  use  t h e  o r b i t e r  experiment f l i g h t  da ta  t o  s tudy phenomena which cannot b e  
s imulated i n  ground f a c i l i t i e s ,  t o  develop techniques  f o r  e x t r a p o l a t i n g  ground f a c i l i t y  r e s u l t s  t o  f l i g h t  c o n d i t i o n s ,  
and t o  v e r i f y  a n a l y t i c a l  and computational  p r e d i c t i o n  techniques .  
so f tware  will b e  developed i n  p r e p a r a t i o n  f o r  a n a l y s i s  of f l i g h t  da ta .  

In FY 1982, a n a l y s i s  t echn iques  and a s s o c i a t e d  

The payload c a p a b i l i t y  of r euseab le  t r a n s f e r  v e h i c l e s  t o  geosynchronous o r b i t  can b e  enhanced by  approximately  a 
f a c t o r  of two by  employing a n  a e r o- s s i s t e d  manuever upon r e t u r n  t o  low Ear th  o r b i t .  
of r a r e f i e d  g a s  f lows w i l l  b e  expanded t o  c h a r a c t e r i z e  f low- fie ld  e f f e c t s  f o r  a e r o- a s s i s t e d  o r b i t a l  t r a n s f e r  v e h i c l e  
concepts.  

The p l a n e t a r y  probe i n v e s t i g a t i o n  

1981 1982 
1980 Budget Current Budget 

Actual  Estimate E s t  i m a  t e E s t i m a t e  
(Thousands of D o l l a r s )  

Chemical p ropu l s ion  resea rch  and technology.. . . . . . . . . . . 8,900 9,000 12,400 16,600 

OBJECTIVeS AND STATUS: 

The o b j e c t i v e  of t h e  chemical  p ropu l s ion  r e s e a r c h  and technology program i s  t o  develop technology t o  improve t h e  
performance, f l e x i b i l i t y ,  l i f e ,  and r e u s a b i l i t y  of l i q u i d  rocket  p ropu l s ion  systems f o r  f u t u r e  space  t r a n s p o r t a t i o n  
v e h i c l e s  and p l a n e t a r y  s p a c e c r a f t .  The program invo lves  technology f o r  advanced Earth- to- orbit  propuls ion,  o r b i t a l  
t r a n s f e r  p ropu l s ion ,  low t h r u s t  spacec ra f t  propuls ion,  in- space cryogenic  f l u i d  management, and advanced high p r e s s u r e ,  
oxygen-hydrogen engines.  
s t andard  chemical  propuls ion systems a r e  a l s o  evaluated.  

Advanced concepts  that g i v e  promise of g r e a t l y  exceeding t h e  performance c a p a b i l i t y  of 

In FY 1981, a major r e d i r e c t i o n  of t h e  program was i n s t i t u t e d  t h a t  p l a c e s  inc reased  emphasis on t h e  development of  a 
technology b a s e  f o r  advanced high p ressu re ,  oxygen-hydrogen engines.  This w i l l  p rovide  t echno log ies  p r i m a r i l y  f o r  
advanced f u t u r e  engines  b u t  may a l s o  prove u s e f u l  i n  any p o s s i b l e  f u t u r e  upgrading of t h e  Space S h u t t l e  main engine 
beyond i t s  o r i g i n a l  des ign  c a p a b i l i t i e s .  Technical  accomplishments i n  FY 1981 i n c l u d e  t h e  s u c c e s s f u l  demonstra t ion of 
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hybrid bea r ings  f o r  small, high  p re s su re ,  l i q u i d  hydrogen pumps and a combustor ceramic coa t ing  t h a t  increased  combustor 
low-cycle thermal  f a t i g u e  l i f e  by  a f a c t o r  of t en .  I n  a d d i t i o n ,  a small charge o f  h e a t- s t e r i l i z e d  s o l i d  p rope l l an t  was 
f i r e d  i n  a test motor f o r  t h e  f i r s t  t i m e  and a n  e l e c t r o l y s i s  c e l l  f o r  decomposing carbon d iox ide  i n  o rde r  t o  produce 
oxygen from t h e  Martian atmosphere f o r  p rope l l an t  t o  r e t u r n  t o  Earth was s u c c e s s f u l l y  demonstrated. 

CHANGES FROM FY 1981 BUDGET ESTIMATES: 

The i n c r e a s e  of $ 3 . 4  m i l l i o n  r e f l e c t s  a d d i t i o n a l  funding f o r  advanced propuls ion  r e sea rch  and technology provided 
through t h e  rebalancing of o t h e r  space  r e sea rch  and technology b a s e  d i s c i p l i n e  funding t o  support  t h i s  h igh  p r i o r i t y  
advanced propuls ion  a c t i v i t  y 

BASIS OF FY 1982 ESTIMATE: 

Research and technology f o r  Earth- to- orbi t  p ropuls ion  w i l l  cont inue  t o  focus  on fundamental work i n  t h e  a r e a s  of 
combustion, s t a b i l i t y ,  hea t  t r a n s f e r  and cooling f o r  bo th  p r i m r y  and a u x i l i a r y  propuls ion  systems. P r i m r y  emphasis i n  
FY 1982 w i l l  cont inue  t o  b e  on oxygen-hydrocarbon p rope l l an t s .  This  technology w i l l  p rovide  t h e  b a s i s  f o r  opt imizing 
p e r f o r m n c e ,  l i f e ,  r e l i a b i l i t y ,  and m a i n t a i n a b i l i t y  of t h i s  c l a s s  of propuls ion  system. 

The expanded e f f o r t  i n  h igh  p re s su re ,  oxygen-hydrogen engines  t h a t  was i n i t i a t e d  i n  FY 1981 by  a d j u s t i n g  funds  w i t h i n  
t h e  ongoing program w i l l  cont inue  i n  FY 1982. The work involves  extending turbomachinery l i f e  and performance through 
imprwed b e a r i n g s ,  seals, and t u r b i n e  b l a d e  des igns ,  and through a b e t t e r  understanding of t h e  dynamic behavior  of 
r o t a t i n g  s h a f t s  and pump hydrodynamics. Combustion, hea t  t r a n s f e r ,  and advanced nozz le  technology e f f o r t s  w i l l  b e  
d i r e c t e d  towards i nc reas ing  combustor l i f e  and performance. Advanced senso r  concepts  w i l l  b e  explored t h a t  could 
p r w i d e  a n  in- place  engine monitoring and i n s p e c t i o n  c a p a b i l i t y  f o r  r a p i d l y  determining f l i g h t  r ead ines s  i n  order  t o  
g r e a t l y  reduce  turnaround t i m e s  between f l i g h t s .  These technologies  w i l l  b e  supported by  a s t rong  e f f o r t  i n  advanced 
m t e r i a l s  eva lua t ion  and development , i nc lud ing  f r a c t u r e  and f a t i g u e  l i f e  c h a r a c t e r i s t i c s .  

The o r b i t a l  t r a n s f e r  propuls ion  e f f o r t  w i l l  encompass c r i t i c a l  component technology f o r  advanced expander c y c l e  
engines.  
e f f i c i e n t  o p e r a t i o n  of b o t h  h igh  and low t h r u s t  levels. E f f o r t  w i l l  a l s o  con t inue  towards c h a r a c t e r i z i n g  dedica ted  low 
t h r u s t  propuls ion  systems i n  terms of p rope l l an t  choice ,  t h r u s t  l e v e l ,  combustion p re s su re ,  cool ing  l o s s e s ,  and 
expansion r a t i o s ,  f o r  maximum performance and l i f e .  
s e l e c t i o n s  f o r  b o t h  h igh  and low t h r u s t  o r b i t a l  t r a n s f e r  missions.  

The emphasis w i l l  b e  on h igh  hea t  t r a n s f e r  combustors and advanced h igh  expansion r a t i o  nozz les  f o r  more 

This  technology w i l l  p rovide  t h e  b a s i s  f o r  propuls ion  system 

Low t h r u s t  spacec ra f t  p ropuls ion  r e sea rch  and technology w i l l  cont inue  t o  focus  on advanced p l ane t a ry  r e t r o p r o p u l s i o n  
systems. Future  missions w i l l  r e q u i r e  i nc reased  c a p a b i l i t y  f o r  r e t r o-  and in- orb i t  m n e w e r s  and h igh  r e l i a b i l i t y  t o  
i n s u r e  a ten- year o p e r a t i o n a l  l i f e .  I n  FY 1982, small pump and pump d r i v e  concepts  w i l l  b e  eva lua ted  and s e l e c t e d  and 
t h r u s t e r  ope ra t i ng  limits w i l l  b e  def ined  a s  a f u n c t i o n  of t h r u s t  level, ope ra t ing  p re s su re s ,  and expansion r a t i o s .  
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Research i n  t h e  a r e a  of in- space cryogenic  f l u i d  management i n c l u d e s  conceptual  des ign  and a n a l y s i s  s t u d i e s  of 
proposed f l i g h t  systems suppor ted  by  ground-based t e s t i n g  i n  vacuum chambers and drop tower f a c i l i t i e s .  I n  FY 1982, 
work w i l l  con t inue  towards completing t h e  des ign  of a n  in- space cryogenic  f l u i d  management f a c i l i t y  that w i l l  b e  used t o  
s tudy  t h e  s t o r a g e ,  p o s i t i o n i n g ,  expuls ion and t r a n s f e r  of l i q u i d  hydrogen f o r  a p p l i c a t i o n  t o  f u t u r e  o r b i t a l  t r a n s f e r  
v e h i c l e s  and  i n- o r b i t  r e f u e l i n g  s t a t i o n s .  

1981 1982 
1980 Budget Current Budget 

E s t  i m a  t e E s t  i m a  t e E s t i m a t e  
(Thousands of D o l l a r s )  

Actual  

W t e r i a l s  and s t r u c t u r e s  r e s e a r c h  and technology.. . . . . . 15,376 16,000 14,000 17,500 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  a c t i v i t y  i s  t o  develop t h e  technology i n  advanced m a t e r i a l s  and s t r u c t u r e s  f o r  improving t h e  
performance, e f f i c i e n c y ,  d u r a b i l i t y  and economy requ i red  f o r  l a r g e  a r e a  space  s t r u c t u r e s  f o r  an tennas  and p la t fo rms ,  
advanced space  power genera t ion ,  advanced space  t r a n s p o r t a t i o n  systems, o r b i t i n g  s p a c e c r a f t  and p l a n e t a r y  probes ,  and 
payloads. A r e a s  of emphasis inc lude:  (1) b a s i c  understanding of m a t e r i a l  s c i e n c e ,  inc lud ing  advanced m e t a l l i c s  and 
i n t e r m e t a l l i c s ,  long d u r a t i o n  environmental  e f f e c t s  of space, t r i b o l o g y ,  computational  chemis t ry  and s u r f a c e  phys ics ,  
and b e a r i n g s ,  l u b r i c a n t s  and seals technology; (2)  development of composites,  inc lud ing  b o t h  polymeric and meta l  
m a t r i c e s  and t h e  i d e n t i f i c a t i o n  of environmental  e f f e c t s  and damage mechanisms; ( 3 )  development of m e t a l l i c  and non- 
m e t a l l i c  thermal  p r o t e c t i o n  systems; ( 4 )  d e f i n i t i o n  of l o a d s ,  dynamics and a e r o e l a s t i c i t y  of ae rospace  v e h i c l e s ,  pay- 
loads  and s p a c e c r a f t  systems; and (5) development of advanced s t r u c t u r a l  concepts ,  i n t e g r a t e d  a n a l y s i s ,  and s y n t h e s i s  
techniques  f o r  des ign  and q u a l i f i c a t i o n  procedures involved i n  new systems wi th  o p e r a t i o n a l  requirements  w e l l  beyond t h e  
c u r r e n t  s t a t e  of technology. 

A major r e s e a r c h  e f f o r t  i s  being d i r e c t e d  a t  determining t h e  d u r a b i l i t y  of meta l l i c  and nonmetal l ic  s t r u c t u r a l  
composite m a t e r i a l s  and i d e n t i f y i n g  t h e  s i g n i f i c a n t  damage mechanisms s o  that s y n t h e s i s  of r e s i s t a n t  m a t e r i a l s  can b e  
achieved.  Work i s  cont inuing on high temperature  r e s i n  ma t r ix  composites and new f i b e r s  f o r  meta l  ma t r ix  composites t o  
ach ieve  h igher  performance levels  i n  space  s t r u c t u r e s .  Fundamental work on f r i c t i o n  and w e a r ,  d i r e c t e d  a t  h igher  t e m-  
p e r a t u r e ,  longer  l i f e  b e a r i n g s  and seals, con t inues  t o  demonstrate that improvements a r e  p o s s i b l e .  Severa l  products  
p rev ious ly  developed a r e  now being used i n  c r i t i c a l  a r e a s  of t h e  S h u t t l e  o r b i t e r .  Advanced thermal  p r o t e c t i o n  systems 
f o r  b o t h  space  t r a n s p o r t a t i o n  systems and p l a n e t a r y  probes  a r e  under eva lua t ion .  
have progressed t o  t h e  po in t  that t h e  technology can b e  incorporated i n t o  t h e  S h u t t l e .  

Severa l  advanced i n s u l a t i o n  systems 
I n  FY 1981, t h e  d e f i n i t i o n  phase 
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f o r  t h e  m e t a l l i c  thermal  p r o t e c t i o n  system experiment ,  i nc lud ing  o r b i t e r  c o m p a t i b i l i t y ,  ha s  been  completed. Design and 
procurement of t h e  developmental thermal  p r o t e c t i o n  system panels  i s  underway. "he experiment w i l l  b e  flown i n  FY 1984 
t o  demonstrate  p o s s i b l e  advantages of a m e t a l l i c  system over e x i s t i n g  ceramic t i l e s .  
tempera ture  experi-ment was completed. This experiment w i l l  p rovide  v e r i f i c a t i o n  of thermal  load  des ign  c r i t e r i a  by  
measurement of a c t u a l  thermal  g r a d i e n t s  on t h e  o r b i t e r .  I n  FY 1981, t h e  d e f i n i t i o n  phase of a p o t e n t i a l  S h u t t l e  f l i g h t  
experiment t o  measure o r b i t e r  i n t e r n a l  s t r u c t u r a l  t empera ture  d i s t r i b u t i o n s  was i n i t i a t e d .  The measured data w i l l  b e  
used t o  v a l i d a t e  t he rmos t ruc tu ra l  a n a l y s i s  methods under development. Nonlinear  a n a l y s i s  and s y n t h e s i s  techniques  f o r  
dynamic and thermal  response ,  s t a b i l i t y  and c o n t r o l ,  and s t r u c t u r a l  des ign ,  inc luding  op t imiza t ion ,  a r e  be ing  developed 
f o r  advanced space t r a n s p o r t a t i o n  systems, payloads,  l a r g e  space s t r u c t u r e s ,  and  s p a c e c r a f t .  E rec t ab l e  and deployable 
p la t form conf igu ra t ion  concepts  have been  developed, and a ground test program t o  v e r i f y  deployment dynamics and 
assembly techniques  i s  i n  progress .  

D e f i n i t i o n  of t h e  s t r u c t u r a l  

C " G E S  FROM FY 1981 BUDGET ESTDfATES: 

The dec rease  of $2.0 m i l l i o n  p r imar i l y  r e f l e c t s  t h e  Ames Research Center account ing  procedure change, f u r t h e r  
r educ t ions  t o  provide  funds t o  support  i nc reased  advanced propuls ion  e f f o r t s ,  and f u r t h e r  dec reases  i n  response t o  t h e  
Congressional  r educ t ion  t o  t h e  o v e r a l l  a p p r o p r i a t i o n  r eques t s .  

BASIS OF FY 1982 ESTIMATE: 

Basic r e sea rch  a c t i v i t i e s  i n  FY 1982 w i l l  cwer co r ros ion ,  chemisorpt ion,  c a t a l y s i s ,  hydrogen embri t t lement  , f i b e r-  
rmtrix i n t e r f a c e  p r o p e r t i e s ,  and l i f e t i m e  p r e d i c t i o n  i n  e l a s tomer i c  systems. An imprwed understanding of t h e s e  
phenomena and  processes  w i l l  p rovide  t h e  foundat ion  f o r  improving performance of space  m a t e r i a l s .  
a t t e n t i o n  w i l l  b e  g iven  t o  t h e  e f f e c t  of t h e  space environment on t h e  p r o p e r t i e s  of composite m a t e r i a l s .  
which have good long-term r e s i s t a n c e  t o  space  r a d i a t i o n  w i l l  b e  i d e n t i f i e d .  
w a l u a t e d  f o r  t h e  f e a s i b i l i t y  of low cos t  forming and enhancements p o s s i b l e  wi th  new f i b e r s  such a s  aluminum, s i l i c o n  
c a r b i d e  and spec ia l ly- coated  boron. Liquid and s o l i d  l u b r i c a n t s  w i l l  b e  s t u d i e d  f o r  t h e i r  s t a b i l i t y  a t  h igh  tempera- 
t u r e s  and i n  vacuum. High p re s su re  seal concepts  w i l l  b e  eva lua ted  i n  a s imulated turbopump. S tudies  w i l l  b e  i n i t i a t e d  
t o  examine t h e  c h a r a c t e r i s t i c s  of  i n t e r m e t a l l i c  a luminides  f o r  h igh  s t r e n g t h  t o  d e n s i t y  a p p l i c a t i o n s .  

I n  FY 1982, i nc reased  
Ma te r i a l s  

Aluminum ma t r ix  composites w i l l  b e  

Thermal p r o t e c t i o n  concepts  and m a t e r i a l s  (both m e t a l l i c  and nonmeta l l ic )  w i l l  cont inue  t o  b e  eva lua ted  f o r  t h e  
p r o t e c t i o n  of re- ent ry  v e h i c l e s  and p l ane t a ry  probes. I n  FY 1982, emphasis w i l l  b e  on obta in ing  b e t t e r  understanding of 
fundamental m a t e r i a l  s u r f a c e  behavior  through t h e  a p p l i c a t i o n  of computat ional  chemistry.  
t h e  emphasis w i l l  b e  on eva lua t ing  r e f r a c t o r y  f i b e r s  capable  of wi ths tanding  tempera tures  a s  h igh  a s  350O0F* 
hea t  s h i e l d  m a t e r i a l s  f o r  p l ane t a ry  and s o l a r  probes will a l s o  b e  developed and t e s t e d  t o  e v a l u a t e  t h e i r  performance. 

For i n s u l a t i n g  hea t  s h i e l d s ,  
Candidate 
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I n  FY 1982, r e sea rch  and technology e f f o r t s  w i l l  cont inue  t h e  eva lua t ion  of s e l e c t e d  s t r u c t u r a l  concepts  f o r  
deployable and e r e c t a b l e  space  systems and t h e  i d e n t i f i c a t i o n  of des ign  and q u a l i f i c a t i o n  procedures r equ i r ed  t o  meet 
p o s s i b l e  f u t u r e  miss ion  requirements .  

I n  t h e  a r e a  of i n t e g r a t e d  a n a l y s i s  and s y n t h e s i s  methods, emphasis w i l l  b e  on impruved computat ional  e f f i c i e n c y  and 
continued development of s t r u c t u r a l  modeling and a n a l y s i s  methods t o  m e e t  t h e  des ign  needs of f u t u r e  space systems. 
This a c t i v i t y  w i l l  i n c l u d e  non l inea r  behavior  due t o  l a r g e  deformations and non i so t rop ic  composite m a t e r i a l  a p p l i c a t i o n ,  
f a t i g u e  l i f e  of advanced m e t a l l i c  and composite m a t e r i a l s ,  and s t r u c t u r a l f c o n t r o l s  dynamic i n t e r a c t i o n s .  

I n  l o a d s ,  dynamics, and a e r o e l a s t i c i t y ,  t h e  focus w i l l  i nc lude  t h e  payload mass and stresses and v i b r o a c o u s t i c  des ign  
methods f o r  a d a p t a t i o n  t o  Shut t le- type  v e h i c l e s ,  t h e  development of concepts  f o r  c o n t r o l  of s t r u c t u r a l  dynamic modes of 
space  systems,  and improved methods of dynamic model t e s t i n g .  

The h igh  temperature s t r u c t u r e s  e f f o r t  w i l l  cont inue  development of m e t a l l i c  s t r u c t u r e s  f o r  Earth e n t r y  v e h i c l e s  
capable  of wi ths tanding  tempera tures  of 1500°F o r  more, m e t a l l i c  mu l t iwa l l  thermal  p r o t e c t i o n  systems,  and v a l i d a t e d  
thermal  stress p r e d i c t i o n  methods. 

1980 
1981 

Budget Current 
Actual E s t i m a t e  E s t i m a t e  E s t i m a t e  

(Thousands of Do l l a r s )  

E l ec t ron ic s  and automation 
r e sea rch  and technology.. .  ........................... 8,123 a, 500 7,900 11,000 

OBJECTIVES BND STATUS: 

The o b j e c t i v e  of t h e  e l e c t r o n i c s  e f f o r t  i s  t o  provide advanced e lec t romagnet ic  concepts ,  technology and devices  needed 
t o  improve t h e  e l e c t r o n i c s ,  sensing and d e t e c t i n g  c a p a b i l i t i e s  requi red  f o r  f u t u r e  t e r r e s t r i a l ,  p l ane t a ry ,  g a l a c t i c ,  and 
e x t r a g a l a c t i c  miss ions .  Laser  r e sea rch  a c t i v i t i e s  have r e c e n t l y  provided a technique  f o r  measuring atmospheric  s p e c i e s  
and winds, a s  s u c c e s s f u l l y  demonstrated by  t h e  measurment of ozone i n  t h e  Pasadena, Ca l i fo rn i a  a r e a .  A new copper 
h a l i d e  l a s e r  was developed and s e l e c t e d  f o r  meteorology s t u d i e s  by  t h e  Of f i ce  of Space and T e r r e s t r i a l  Appl ica t ions .  It 
has i d e a l  c h a r a c t e r i s t i c s  f o r  ob t a in ing  v e r t i c a l  a tmospheric  p r o f i l e s  important  t o  t h e  Earth 's  r a d i a t i o n  budget and 
o p t i c a l  v i s i b i l i t y  due t o  po l lu t i on .  The program emphasis i s  s h i f t i n g  from completion of t h e  development of e x i s t i n g  
concepts  t o  e x p l o r a t i o n  of new concepts .  
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The au to rmt ion  a c t i v i t y  provides  t h e  t h e o r e t i c a l  and technology b a s e  needed t o  expand t h e  a p p l i c a t i o n  of automation t o  
g r e a t l y  i n c r e a s e  t h e  p r o d u c t i v i t y  and e f f e c t i v e n e s s  of humans, spacec ra f t  , space  ope ra t ions  and f a c i l i t i e s .  This i s  
accomplished through b a s i c  r e sea rch  and s y n t h e s i s  and adap t ion  of nonaerospace automation technology t o  space  o r i e n t e d  
problems. Basic t h e o r i e s  of autormted g e n e r a l  problem so lv ing  a r e  being developed t o  t h e  s t a g e  t h a t  t hey  can treat 
realist ic space  automation- type s i t u a t i o n s ,  such a s  au tomat ic  experiment sequence g e n e r a t i o n  f o r  use  i n  p l ane t a ry  probe 
missions.  Po r t i ons  of a n  au tomat ic  g e n e r a l  problem so lv ing  system have been  implemented i n  t h e  l abo ra to ry .  For 
example, a n  au tomat ic  command sequence g e n e r a t o r  was r e c e n t l y  demonstrated which could have commanded Voyager t o  t a k e  
images of t h e  J w i a n  Red Spot i n  p l ace  of t h e  manual l o g i c  t h a t  was u t i l i z e d .  I n  r o b o t i c s  r e sea rch ,  hand-eye 
coo rd ina t ion  has been  demonstrated f o r  s i m p l e  assembly t a s k s .  

CHANGES PROM FY 1981 BUDGET ESTIMATES: 

The dec rease  of $600,000 p r imar i l y  r e f l e c t s  t h e  Ames Research Center  account ing  procedure change, reba lanc ing  of t h e  
space r e sea rch  and technology b a s e  d i s c i p l i n e s  t o  provide  a d d i t i o n a l  funding f o r  advanced propuls ion  e f f o r t s ,  and the 
Congressional  r educ t ion  t o  t h e  NASA a p p r o r i a t i o n  r eques t .  

=IS OF FP 1982 ESTIMATE: 

The e l e c t r o n i c s  program w i l l  cont inue  t o  i n v e s t i g a t e  t h e  phys i ca l  phenomena a s s o c i a t e d  wi th  advanced d e t e c t o r s .  
l a s e r  technology concepts ,  models and components w i l l  b e  developed t o  p r w i d e  s i g n i f i c a n t  advances i n  l a s e r  
technology. Emphasis w i l l  b e  on new s o l i d  s t a t e  imaging techniques ,  h igh  d e n s i t y  and h igh  r e l i a b i l i t y  i n t e g r a t e d  
c i r c u i t s ,  and mission cos t- e f f ec t ivenes s  by  opt imizing component func t ions .  This  and r e l a t e d  technologies  i n  sens ing  
and d e t e c t i o n  w i l l  cons iderably  i n c r e a s e  system s e n s i t i v i t y ,  extend observable  wavelength c a p a b i l i t i e s  i n t o  t h e  f a r  
i n f r a r e d  regime and i n c r e a s e  da ta  recording c a p a c i t y  and rea l- t ime processing c a p a b i l i t y .  During FY 1982, t h e  
autornation e f f o r t  w i l l  b e  expanded t o  i nc lude  those  a s p e c t s  of machine i n t e l l i g e n c e  and r o b o t i c s  needed t o  i n c r e a s e  
autonomy of space  systems a s  a s t e p  toward making space  miss ions  more a f f o r d a b l e .  I n  p a r t i c u l a r ,  au tomat ic  sequence 
g e n e r a t i o n  f o r  o r b i t a l  miss ions  w i l l  b e  expanded and systems a r c h i t e c t u r e  formulated f o r  autonomous spacec ra f t  and 
t e l e r o b o t s .  

N e w  



1981 1982 
1980 Budget Current Budg et 

A c t u a l  E s t  i m a  t e E s t i m a t e  E s t  i m a  t e 
(Thousands of D o l l a r s  ) 

Space power and e lec t r ic  p ropu l s ion  
r e s e a r c h  and technology.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19,364 19,700 19,200 21,800 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  a c t i v i t y  i s  t o  provide  t h e  r e sea rch  and technology f o r  major advances i n  t h e  g e n e r a t i o n ,  
convers ion and t r ansmiss ion  of energy and h igh  s p e c i f i c  impulse electr ic  p ropu l s ion  systems. 
a r e a s  a r e  needed t o  extend our c a p a b i l i t i e s  i n  near-Earth space  and i n  t h e  e x p l o r a t i o n  of t h e  s o l a r  system. 

Advances i n  a l l  of t h e s e  

The development of a n  a l k a l i n e  b a t t e r y  f a i l u r e  model h a s  r e s u l t e d  i n  a n  improved p r e d i c t i o n  c a p a b i l i t y  f o r  b a t t e r y  
c y c l e  l i f e .  
annea l ing  p r o p e r t i e s  of s i l i c o n  and g a l l i u m  a r s e n i d e  s o l a r  c e l l s  has been achieved.  During l a s t  year a l a s e r  s o l a r  
pumping a p p a r a t u s  was assembled. 
materials has i d e n t i f i e d  r a r e  Earth s u l f i d e s  a s  a c l a s s  of m a t e r i a l s  t o  b e  developed. 
conver te r s  f o r  use  wi th  nuc lea r  r e a c t o r s .  
been completed and t h e  technology has been t r a n s f e r r e d  t o  b o t h  t h e  NASA and i n d u s t r i a l  s t a g e  d w e l o p e r s .  
e f f o r t  wi th  t h e  Air Force on h igh  v o l t a g e  plasma i n t e r a c t i o n s  h a s  been i n i t i a t e d .  
p ropu l s ion  concepts  has a l s o  been s t a r t e d .  

In  t h e  pho tovo l t a i c  a r e a ,  s i g n i f i c a n t  p rogress  i n  t h e  understanding of r a d i a t i o n  damage and thermal 

A program t o  s y n t h e s i z e  and c h a r a c t e r i z e  new, h igh  e f f i c i e n c y ,  the rmoe lec t r i c  
These m a t e r i a l s  a r e  cand ida te  

The i o n  t h r u s t e r  technology r e a d i n e s s  program f o r  i n t e r p l a n e t a r y  miss ions  has 
A coopera t ive  

An e f f o r t  t o  i d e n t i f y  advanced space  

CEANGES PROM FY 1981 BUDGET ESTIMATES: 

The dec rease  of $500,000 i s  p a r t  of t h e  Congressional  r educ t ion  t o  t h e  FY 1981 NASA a p p r o p r i a t i o n  reques t .  

B U I S  OF FY 1982 ESTIMATES: 

Photovo l t a i c  r e s e a r c h  and technology w i l l  con t inue  e f f o r t s  which improve convers ion e f f i c i e n c y ,  reduce mass, reduce 
cos t  and i n c r e a s e  opera t ing  l i f e  of pho tovo l t a i c  c o n v e r t e r s  and a r r a y s .  
on demonstrating t h e  f e a s i b i l i t y  of a n  e igh teen  percent  e f f i c i e n t  s i l i c o n  c e l l  and eva lua t ing  t h i n  c e l l  approaches f o r  
g a l l i u m  a r s e n i d e .  
b e  pursued. 
r a t i o  and low c o s t .  

I n  t h e  a r e a  of c e l l s ,  a t t e n t i o n  w i l l  b e  focused 

The understanding of r a d i a t i o n  damage and thermal annea l ing  i n  o rde r  t o  i n c r e a s e  opera t ing l i f e  w i l l  

I n  advanced e n e r g e t i c s ,  assessments  of acifanced concepts f o r  space  energy g e n e r a t i o n ,  convers ion,  
The s o l a r  a r r a y  technology emphasis w i l l  b e  on low concen t ra t ion  r a t i o  a r r a y s  f o r  h igh power-to-weight 



s t o r a g e  and d i s t r i b u t i o n  w i l l  b e  performed. 
w i l l  b e  i n i t i a t e d .  Work w i l l  cont inue  on i n v e s t i g a t i o n s  of d i r e c t  conversion of s o l a r  energy i n t o  l a s e r  r a d i a t i o n ,  on 
nave l  means t o  conver t  s o l a r  and l a s e r  r a d i a t i o n  e f f i c i e n t l y  t o  e l e c t r i c i t y ,  and on photochemical c e l l  technology,  
l i q u i d  drop  r a d i a t o r s  and i n e r t i a l  energy s to rage .  

C r i t i c a l  experiments  r equ i r ed  t o  determine f e a s i b i l i t y  of  t h e s e  concepts  

I n  e lec t r ic  propuls ion ,  t h e  performance of mercury i o n  t h r u s t e r s  w i l l  b e  extended t o  h igher  power and t h r u s t  d e n s i t y ,  
An eva lua t ion  of magnetoplasmadynamic t h r u s t e r  performance and t h e  range  of u s e f u l  s p e c i f i c  impulse w i l l  b e  broadened. 

and i n t e r n a l  e r o s i o n  c h a r a c t e r i s t i c s  w i l l  b e  completed. 
emphasize i nc reased  e f f i c i e n c y  and broadening of t h e  ope ra t ing  regime. 

The f e a s i b i l i t y  of i n e r t  g a s  (argon and xenon) t h r u s t e r s  w i l l  

I n  power management, work w i l l  b e  d i r e c t e d  toward advanced components such a s  t r a n s i s t o r s ,  i n d u c t o r s  and power 
t r a n s f e r  devices .  The development of a s o l a r  t he rmoe lec t r i c  gene ra to r  w i l l  b e  completed. A coope ra t ive  e f f o r t  wi th  t h e  
Air Force on h igh  v o l t a g e  space  plasma i n t e r a c t i o n s  w i l l  focus  on a n a l y t i c a l  modeling. 
r e l a t e d  t o  thermal  mnagement of f u t u r e  h igh  power systems w i l l  b e  augmented. 

A program i n  technologies  

I n  t he rma l- to- e lec t r i c  energy conversion,  t h e  demonstrat ion of imprwed energy conversion e f f i c i e n c i e s  i n  
t he rmoe lec t r i c  m t e r i a l s  w i l l  emphasize h igh  tempera ture  (1400'K) a p p l i c a t i o n s .  
r a d i a t o r  hea t  p i p e s  t o  p r w i d e  reac tor- conver te r  i n t e r f a c e  requirements  w i l l  a l s o  continue.  

Experimental t e s t i n g  of r e a c t o r  and 

Research aimed a t  understanding t h e  fundamental l i f e- l i m i t i n g  mechanism i n  nickel-cadmium space  b a t t e r i e s  w i l l  b e  
i n t e n s i f i e d ,  l ead ing  t o  t h e  development of improved f a b r i c a t i o n  s p e c i f i c a t i o n s .  Development of t h e  technology f o r  h igh  
capac i ty  energy s t o r a g e  r equ i r ed  f o r  f u t u r e  h igh  power missions w i l l  p l ace  emphasis on f u e l  c e l l  e l e c t r o l y z e r s  and h igh  
capac i ty  b a t t e r y  c e l l s .  
w i l l  a l s o  continue.  

I n  a d d i t i o n ,  work on v e r y  h igh  energy- densi ty s t o r a g e  systems,  based on l i t h i u m  and sodium, 

1981 1982 
1980 Budget Current Budget 

Actual  Estimte E s t  inra t e Es t imate  
(Thousands of Do l l a r s )  

M u l t i d i s c i p l i n a r y  research............................. 2,644 2,800 2,700 5,200 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  m u l t i d i s c i p l i n a r y  r e sea rch  e f f o r t  i s  t o  conduct novel ,  long- range, h igh- r isk  b a s i c  r e sea rch  
i n v e s t i g a t i o n s  i n  engineer ing  and phys i ca l  s c i e n c e s  r e l a t e d  t o  space. 
u n i v e r s i t i e s  through t h e  Fund f o r  Independent Research and t h e  Phys ics  and Chemistry Experiments i n  Space program. 

This  r e sea rch  i s  conducted p r i n c i p a l l y  a t  
The 



Fund f o r  Independent Research suppor t s  b a s i c  r e s e a r c h  on many t o p i c s  of fundamental importance,  such a s  materials 
p r o p e r t i e s  a t  h igh  p r e s s u r e s ,  development of a f r e e- e l e c t r o n  l a s e r ,  energy s t o r a g e  of a tomic  hydrogen, p r e c i s i o n  
cryogenic  maser (microwave l a s e r )  capab le  of t e s t i n g  t h e  g e n e r a l  theory  of  r e l a t i v i t y ,  molecular b inding between 
m a t e r i a l s  and ceramics ,  TV r e a l - t i m e  imagery, c r o s s l i n k i n g  of polymeric membranes, o p t i c a l  c o n s t a n t s  of t r a n s i t i o n  
meta l s ,  and non l inea r  i n t e r a c t i o n s  i n  s u p e r f l u i d  dynamics. The Physics  and Chemistry Experiments i n  Space program 
suppor t s  b a s i c  s t u d i e s  l ead ing  toward t h e  development of experiments that need t h e  unique c h a r a c t e r i s t i c s  of t h e  space  
environment t o  make fundamental new d i s c o v e r i e s  about  m a t e r i a l s  p r o p e r t i e s  and processes .  
i n c l u d e s  complex l i q u i d  d rops ,  uass t r a n s f e r ,  s u r f a c e  d r i v e n  convect ion,  c o n c e n t r i c  r o t a t i n g  d rops ,  g r a n u l a r  s o i l  
behav io r ,  s u p e r f l u i d  helium measurements, and combustion. 

Some of t h e  work suppor ted  

CJ3ANGES FROM FY 1981 BUDGET ESTIMATE: 

The dec rease  of  $100,000 i s  p a r t  of t h e  Congressional  r educ t ion  t o  t h e  FY 1981 NASA a p p r o p r i a t i o n  reques t .  

BASIS OF FY 1982 ESTIMATE: 

The r e s e a r c h  suppor ted  under t h i s  a c t i v i t y  i s  t o  b e  inc reased  s u b s t a n t i a l l y  t o  broaden t h e  s tudy  of innova t ive  i d e a s  
that u n d e r l i e  and cut  a c r o s s  t h e  e s t a b l i s h e d  d i s c i p l i n a r y  s t r u c t u r e ,  inc luding t h e o r e t i c a l  mathematics. 

1981 1982 
1980 Budget Current Budget 

Actual  E s t i u a t e  E s t i m a  t e E s t  i m a  t e 
(Thousands of D o l l a r s )  

Informat ion systems r e s e a r c h  and technology............ 21,847 21,900 21,300 25,000 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  of t h e  in fo rmat ion  systems r e s e a r c h  and technology program a r e  t o  provide  advanced sensor  and 
ins t rumenta t ion  systems that w i l l  enhance t h e  data  a c q u i s i t i o n  c a p a b i l i t i e s  of f u t u r e  Ear th  r e sources  environmental  
obse rva t ions ,  meteorological  and space  s c i e n c e  miss ions ,  and t o  provide  process ing,  r educ t ion ,  and d i s t r i b u t i o n  t o  t h e  
use r  community i n  a t ime ly  and economical fashion.  Linear  a r r a y  technology i n  t h e  2-15 micrometer r eg ion  t o  o b t a i n  
enhanced thermal  images of t e r r e s t r i a l  scenes  i s  being developed. Quasi- opt ica l  submil l imeter- receiver  systems wi th  a 
frequency c a p a b i l i t y  of .5 t o  2 t e r a h e r t z  (THz) a r e  being developed f o r  d e t e c t i o n  of t h e  r e l a t i v e  abundance of 
a tmospher ic  t r a c e  gases .  
Instrument po in t ing  r e s e a r c h ,  which aims a t  new concepts  and components t o  provide  a c c u r a t e  point ing and onboard v i d e o  

Laser- ranging systems a r e  be ing  developed t o  measure t h e  geodynamics of t h e  Earth 's  c r u s t .  
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l a n d m r k  t r a c k i n g  c a p a b i l i t y ,  i s  being  developed. Cooling system technology i s  be ing  advanced i n  t h e  a r e a  of u l t r a low 
temperacure r e f r i g e r a t i o n  systems f o r  cool ing  senso r s  and experiments i n  space. 

Design and test of a Ku-band modulator- exci ter ,  which i s  capable  of e f f i c i e n t l y  handling da ta  r a t e s  a s  h igh  a s  2.5 
g igab i t s / s econd  (Gbps) was completed during FY 1980. Since t h i s  d w i c e  uses  microwave i n t e g r a t e d  c i r c u i t  technology,  i t  
i s  sma l l e r ,  weighs less, and r e q u i r e s  less power t han  convent iona l  modulator- exci ters .  

The dual  frequency S- and Ku-band p l ana r  r e t r o d i r e c t i v e  antenna system which can accommodate t h e  mu l t i g igab i t  da t a  
r a t e s  was completed during FY 1980. The antenna can  handle  up t o  2 Gbps and provides  t h e  user  spacec ra f t  wi th  t h e  
c a p a b i l i t y  of communicating wi th  t h e  Tracking and Data Relay S a t e l l i t e  (TDRS), two o r  more s p a c e c r a f t ,  o r  a spacec ra f t -  
to-ground s t a t i o n .  This  antenna i s  a prime cand ida t e  f o r  Landsat-D. 

The Fea ture  I d e n t i f i c a t i o n  and Locat ion Experiment (FILE) was s u c c e s s f u l l y  demonstrated i n  a b ra s s - boa rd  c o n f i g u r a t i o n  
aboard  a Comrair 990 a i r c r a f t .  The tests demonstrated that t h e  FILE can  provide  v e r s a t i l e ,  au tomat ic  landmark t r ack ing  
and f e a t u r e  r ecogn i t i on  c a p a b i l i t y  which i s  u s e f u l  f o r  Earth observa t ions  and p l ane t a ry  missions.  

I n  a r e l a t e d  technology a r e a ,  a computer model which a l l ows  t h e  end-to-end s imula t ion  of new da t a  syscerr concepts  i n  
terms of c o s t  and performance was completed. I n  s e v e r a l  months of ope ra t i on  more t han  twenty spacec ra f t  have been 
simulated i n  a few hours  of computer t i m e ,  w i th  s e l e c t e d  performance parameters  d isp layed .  

C W G E S  PROM FY 1981 BUDGET ESTIMAmS: 

The dec rease  of  $600,000 p r imar i l y  r e f l e c t s  t h e  Congressional  r educ t ion  t o  t h e  FY 1981 NASA a p p r o r i a t i o n  r eques t .  

BMIS OF FY 1982 ESTIMATJC: 

During 1982, f l i g h t  demonstrat ions w i l l  b e  performed qn t h e  100-eleanr: indium antimonide l i n e a r- a r r a y  charged-coupled 
i n f r a r e d  imaging device ,  t h e  a i r b o r n e  mapping spec t rometer  (2-30 micrometers) ,  t h e  two-color l a s e r  a l t i m e t e r ,  t h e  
i n f r a r e d  s o l i d  s t a t e  self- scanning senso r  system (8  co 12 and 1 t o  4 micrometers) and t h e  1800 GHz-type receiver 
system. I n  a d d i t i o n ,  t h e  FILE system w i l l  b e  flown a g a i n  on t h e  Comrair 990 t o  determine i f  a d e t e c t a b l e  s p e c t r a l  
s i g n a t u r e  e x i s t s  between c louds  and snow. The Annular Suspension and Poin t ing  System (ASPS) w i l l  undergo a d d i t i o n a l  
i n t e g r a t e d  l a b o r a t o r y  eva lua t ion  tests .  Tests on l a b o r a t o r y  pro to types  f o r  a 5-watt , l o n g- l i f e  mechanical coo le r  w i l l  
cont inue.  

Advanced da ta  and communications systems concepts  w i l l  cont inue  t o  b e  modeled and eva lua ted  t o  provide  improved end- 
to-end da ta  system e f f i c i e n c y  and e f f e c t i v e n e s s .  During FY 1982, a f l i g h t  q u a l i f i e d  X-band t ransponder  w i l l  b e  
developed t o  meet t h e  communication requirements  of t h e  I n t e r n a t i o n a l  So la r  Po la r  Mission. Work w i l l  b e  performed t o  
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scale t h e  Ku-band modula tor- exci ter  up t o  60 GHz. A t  t h i s  f requency,  which i s  ass igned  t o  i n t e r s a t e l l i t e  l i n k s ,  t h i s  
dev ice  w i l l  b e  capable  of handling more t h a n  4 Gbps of da ta .  I n  t h e  NASA End-to-End Data System program during N 1982, 
a p ro to type  of t h e  massively p a r a l l e l  p rocessor  w i l l  b e  developed, which w i l l  b e  capab le  of performing more t h a n  10 
b i l l i o n  a d d i t i o n s  per  second and r e a l - t i m e  a n a l y s i s  of Landsat t y p e  images. The modular spaceborne system which i s  
designed t o  compute a n c i l l a r y  da ta  such a s  o r b i t ,  a l t i t u d e  and t i m e ,  w i l l  b e  demonstrated. This  a n c i l l a r y  data  a l l o w s  
t h e  fo rmula t ion  i n  real-time of autonomous data  packets .  Work w i l l  b e  completed on t h e  development of a n  i n t e g r a t e d  
10,000 b i l l i o n  b i t s  mass memory and da ta  b a s e  management system wi th  data  a c c e s s  t i m e  of 8 seconds and wi th  a c c e s s i o n  of 
up t o  50 MIPS. Also, pre l iminary  des igns  f o r  a real- time s y n t h e t i c  a p e r t u r e  r a d a r  processor  w i l l  b e  completed. 

1981 1982 
1980 Budget Current Budget 

Actual  Estimate E s t i m a t e  E s t  i m a  t e 
(Thousands of D o l l a r s )  

Spacecraf t  systems resea rch  and technology..  . . . . . . . . . . . 7,437 8,500 9,000 10,300 

OBJECTIVBS AND STATUS: 

The o b j e c t i v e  of t h i s  program i s  t o  develop and demonstrate s p a c e c r a f t  systems technology f o r  l a r g e  space  systems, 
advanced p l a n e t a r y  s p a c e c r a f t ,  and advanced Ear th- orbi t ing spacec ra f t  t o  enab le  c u r r e n t  and f u t u r e  space  missions.  The 
program extends  t h e  accomplishments of t h e  r e sea rch  and technology programs i n  t h e  fundamental d i s c i p l i n e  a r e a s  t o  
i n t e g r a t e d  a c t i v i t i e s  such that t h e  t r a n s f e r  of a complete c a p a b i l i t y  i s  poss ib le .  Research and technology a c t i v i t i e s  
a r e  conducted i n  a r e a s  where a m u l t i d i s c i p l i n a r y  approach i s  e s s e n t i a l  t o  o b j e c t i v e  accomplishment. These a c t i v i t i e s  
share t h e  common g o a l  of even tua l  t r a n s f e r  and use  of t h e  technology i n  t h e  NASA-developed s p a c e c r a f t .  This r e q u i r e s  
es tabl ishment  of t e c h n i c a l  f e a s i b i l i t y  and a c c e p t a b l e  levels of r i s k  and c o s t .  

The l a r g e  space  systems technology i s  t h e  p r i n c i p a l  element i n  t h e  spacec ra f t  systems r e s e a r c h  and technology a rea  and 
i n c l u d e s  t h e  development of l a r g e  an tennas  f o r  communications, r ad iomet r i c ,  and a s t r o p h y s i c s  miss ions ,  l a r g e  space  
pla t forms f o r  sc ience  and a p p l i c a t i o n  miss ions ,  and suppor t  a c t i v i t i e s  f o r  t h e  des ign ,  f a b r i c a t i o n ,  subsystem 
i n t e g r a t i o n  and c o n t r o l  of l a r g e  s t r u c t u r e s .  I n  t h e  antenna a r e a ,  components f o r  t h e  Of f se t  Wrap Rib, t h e  55-meter 
a p e r t u r e ,  and t h e  Hoop/Column, 50-meter a p e r t u r e ,  w i l l  b e  f a b r i c a t e d  and assembled f o r  t e s t i n g  i n  FY 1982. The 
e l e c t r o s t a t i c  membrane antenna concept has  completed s u r f a c e  c o n t r o l  and q u a l i t y  t e s t i n g  of a 16-foot d iameter  
breadboard model. For p la t fo rms ,  a l a r g e  deployable  conf igura t ion  has been t e s t e d  i n  shea r  and t o r s i o n  and has 
undergone deployment and assembly t e s t i n g  i n  t h e  Neu t ra l  Buoyancy F a c i l i t y .  

The space- storable  f luor ine- hydrazine  propuls ion system i s  under development t o  provide  t h e  l o n g- l i f e ,  h igh 
performance requ i red  f o r  advanced p l a n e t a r y  miss ions .  
t o  t e s t i n g  i n  N 1982. 

I n  FY 1981, f i n a l  assembly and checkout w i l l  b e  completed p r i o r  
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Thrus te r  c h a r a c t e r i z a t i o n  and l i f e  tests a r e  being conducted f o r  t h e  8-cm i o n  a u x i l i a r y  p ropu l s ion  system t o  e s t a b l i s h  
opera t ing  limits, e s t a b l i s h  miss ion o p e r a t i o n s  test p l a n s  and provide  a da ta  b a s e  f o r  a n a l y s i s  of f l i g h t  d a t a .  

The concept of u t i l i t y - t y p e  d i s t r i b u t i o n  and management of e l e c t r i c a l  and thermal  energy i s  be ing  s t u d i e d  a t  a n  
i n t e g r a t e d  system level. 
s t o r a g e  and w i l l  seek t o  develop a system i n  t h e  100-kw region.  

The e f f o r t  b u i l d s  on t h e  d i s c i p l i n e  r e s e a r c h  and technology a c t i v i t i e s  i n  power g e n e r a t i o n  and 

CEANGES PROP( FY 1981 ESTIMATES: 

The i n c r e a s e  of $500,000 r e f l e c t s  p r i m a r i l y  t h e  a d d i t i o n  of $1 m i l l i o n  by  Congress f o r  l a r g e  space s t r u c t u r e  r e s e a r c h  
p a r t i a l l y  o f f s e t  b y  t h e  Congressional  r educ t ion  t o  t h e  FY 1981 NASA a p p r o p r i a t i o n  reques t .  

BASIS OF FY 1982 ESTIMATE: 

For t h e  l a r g e  space systems technology program, f u l l - s c a l e  antenna and p la t fo rm c r i t i c a l  component t e s t s  w i l l  b e  
conducted t o  d e f i n e  performance parameters.  Also, a d d i t i o n a l  antenna concepts  w i l l  b e  s e l e c t e d  f o r  f u r t h e r  
development. 
l i n e a r  models w i l l  b e  e s t a b l i s h e d  and l a b o r a t o r y  demonstra t ions  w i l l  b e  conducted f o r  advanced c o n t r o l  concepts .  
I n t e g r a t e d  a n a l y s i s  c a p a b i l i t y  f o r  l a r g e  systems w i l l  b e  extended by  incorpora t ing  RF and o p t i c a l  performance modules. 

I n  t h e  antenna and p la t fo rm a r e a s ,  a t t i t u d e  c o n t r o l  performance v e r i f i c a t i o n  through s i m u l a t i o n  of non- 

Ground and f l i g h t  ins t rumenta t ion  and measurement s t r a t e g i e s  f o r  v a l i d a t i n g  t h e  performance of l a r g e  space  systems 
w i l l  b e  developed. This  a c t i v i t y  w i l l  a l s o  i n c l u d e  t h e  development of t h e  onboard da ta  process ing equipment which w i l l  
t r a n s l a t e  t h e  measurements i n t o  r e a l - t i m e  c o n t r o l  commands. 

Technology r e a d i n e s s  € o r  t h e  space- s to rab le  ( f luor ine- hydrazine)  p ropu l s ion  system w i l l  b e  demonstrated i n  FY 1982 by  
a systems test under s imulated space  cond i t ions .  

For t h e  8-cm i o n  a u x i l i a r y  p ropu l s ion  system t h r u s t e r  c h a r a c t e r i z a t i o n  tests w i l l  cont inue,  h t a  Control  and I n t e r f a c e  
Unit (DCIU) c a p a b i l i t i e s  and l i m i t a t i o n s  w i l l  b e  de f ined  and a c t i v i t i e s  t o  suppor t  miss ion o p e r a t i o n s  w i l l  b e  i n i t i a t e d .  

On t h e  b a s i s  of  t h e  multi-100-kW thermal  u t i l i t y  p la t fo rm s tudy completed i n  FY 1981, development of s e l e c t e d  c r i t i c a l  
components f o r  t h e  m i n  thermal  b u s  and ins t rument  module bus  w i l l  b e  i n i t i a t e d .  S tud ies  t o  d e f i n e  thermal  systems 
requirements  f o r  geosynchronous and p l a n e t a r y  s p a c e c r a f t  w i l l  b e  conducted. 

E f f o r t s  w i l l  b e  i n i t i a t e d  t o  s tudy  and develop advanced s p a c e c r a f t  concepts  and suppor t ing s p a c e c r a f t  s e r v i c e s .  I n  
t h e  area of  autormtion,  d e f i n i t i o n  of requirements  f o r  t h e  automat ion of l a r g e  power systems w i l l  b e  determined and w i l l  
provide  t h e  p recursor  understanding f o r  t h e  follow-on development of f u l l y  autonomous, f a u l t  t o l e r a n t  s p a c e c r a f t  
systems. S t u d i e s  and  technology development a c t i v i t i e s  focused toward understanding t h e  sources  and t h e  e f f e c t s  of 
p a r t i c u l a t e  and molecular contaminat ion on s p a c e c r a f t  o p e r a t i o n a l  performance w i l l  b e  i n i t i a t e d .  
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1981 1982 
1980 Budget Current Budget 

Actual  E s t  inra  t e E s t  i m  t e Est imate  
(Thousands of D o l l a r s )  

Transpor ta t ion  systems r e s e a r c h  and technology.. . . . . . . . 10,725 8,000 6,800 8,700 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  of t h i s  program a r e :  t o  i d e n t i f y  t h e  technology requirements  f o r  advanced t r a n s p o r t a t i o n  v e h i c l e s  t o  
s a t i s f y  n a t i o n a l  needs and t h e n  t o  i n t e g r a t e  t h e s e  requirements i n t o  a comprehensive plan  that r e s u l t s  i n  t r ans fe r- ready  
technology a t  t h e  proper  t i m e ;  t o  develop t h e  technology programs t o  s a t i s f y  t h e s e  requirements ;  and ,  t o  suppor t  t h e  
development of t h e  space  t r a n s p o r a t i o n  system i n  areas of t e c h n i c a l  competence. 
through system level s t u d i e s ,  a n a l y s e s  and requirement d e f i n i t i o n  e f f o r t s ,  and system and d i s c i p l i n e  r e s e a r c h  and 
technology e f f o r t s  r e q u i r i n g  ground-based f a c i l i t i e s ,  in- space hardware and ins t rumenta t ion  which permits  t h e  o r b i t e r  t o  
b e  used a s  a n  advanced r e s e a r c h  v e h i c l e .  

These o b j e c t i v e s  a r e  accomplished 

During FY 1981, t h e  aerodynamic, ground-based t e s t i n g  program t o  support  t h e  f i r s t  S h u t t l e  f l i g h t  should b e  
completed. A cont inuing test  program i s  planned t o  suppor t  t h e  a n a l y s i s  of t h e  da ta  r e s u l t i n g  from t h e  f l i g h t .  Work on 
a l t e r n a t e  c o n f i g u r a t i o n s  w i l l  continue.  

On t h e  f i r s t  S h u t t l e  f l i g h t s ,  da ta  obta ined by  ins t rumenta t ion  developed by  t h e  o r b i t e r  experiments program w i l l  
permit c a l c u l a t i o n  of t h e  a c t u a l  aerodynamic c o e f f i c i e n t s  of t h e  o r b i t e r  dur ing i t s  r e e n t r y .  This data  w i l l  support  t h e  
e f f o r t  t o  v e r i f y  t h e  performance of t h i s  advanced r e e n t r y  v e h i c l e ,  and i t s  f l i g h t  c o n t r o l  and thermal  p r o t e c t i o n  
systems. Addi t iona l  ins t rumenta t ion  t o  expand t h i s  data  b a s e  w i l l  reach f l i g h t- r e a d y  s t a t u s  i n  FY 1981 and w i l l  b e  
d e l i v e r e d  t o  t h e  launch s i t e  f o r  i n t e g r a t i o n  on to  t h e  O r b i t e r  a f t e r  t h e  f i r s t  and second f l i g h t s .  

CHANGES FROM FY 1981 BUDGET ESTIMATES: 

The dec rease  of $1.2 m i l l i o n  p r imar i ly  r e f l e c t s  t h e  Ames Research Center account ing procedure change. The cos t  of t h e  
thermo-gasdynamics f a c i l i t i e s  a r e  now being budgeted under t h e  aerothermodynamics r e s e a r c h  and technology l i n e  i t e m .  An 
a d d i t i o n a l  dec rease  was t h e  r e s u l t  of t h e  Congressional  r educ t ion  t o  t h e  FY 1981 NASA a p p r o p r i a t i o n  reques t .  

BASIS OF FY 1982 ESTIMATE: 

System a n a l y s i s  e f f o r t s  w i l l  b e  conducted t o  d e f i n e  t h e  scope and content  of t h e  technology programs needed t o  reduce 
t h e  c o s t  o r  imprave t h e  performance of f u t u r e  space  t r a n s p o r t a t i o n  v e h i c l e s .  E f f o r t s  t o  b e  i n i t i a t e d  i n  FY 1982 w i l l  

RD 10-17 



addres s  t h e  automation of t h e  r e c e r t i f i c a t i o n  process  f o r  r eusab le  v e h i c l e s ,  t h e  use  of a e r o- a s s i s t  t o  cap tu re  t r a n s f e r  
v e h i c l e s  i n  low-Earth o r b i t ,  advanced energy gene ra t ion  and management systems f o r  t r a n s p o r t a t i o n  v e h i c l e s ,  and advanced 
propuls ion  concepts  f o r  o u t e r  p l ane t  exp lo ra t i on .  The ongoing e f f o r t  t o  a d d r e s s  t h e  technology advances needed t o  
support  t h e  evo lu t iona ry  growth i n  t h e  cu r r en t  space  t r a n s p o r t a t i o n  system w i l l  b e  augmented t o  d e f i n e  i n  d e t a i l  t h e  
i d e n t i f i e d  h igh  leverage  a r e a s .  

During FY 1982, ground f a c i l i t i e s  w i l l  b e  used t o  conduct aerodynamic tests i n  support  of t h e  S h u t t l e  o r b i t a l  f l i g h t  
test program and t o  explore  p o t e n t i a l  modi f ica t ion  t o  t h e  b a s i c  o r b i t e r  con f igu ra t ion .  
changes i n  t h e  o r b i t e r  con f igu ra t ion  o r  ope ra t i on  s c e n a r i o  t o  accommodate s p e c i f i c  problems, i n c r e a s e  opera t ing  margins,  
o r  permit i nco rpo ra t ion  of i n s t rumen ta t ion  developed i n  t h i s  program. 

These tests  w i l l  v a l i d a t e  

Three i n s t rumen ta t ion  package experiments  which provide t h e  b a s i c  aerodynamic da ta  necessary  f o r  t h e  o r b i t e r  t o  b e  
used a s  a r e sea rch  v e h i c l e  w i l l  b e  flown on Orb i t e r  102 during FY 1982. The aerodynamic c o e f f i c i e n t  package, which was 
i n t e g r a t e d  i n t o  O r b i t e r  102 f o r  OFT-1, w i l l  p rovide  da ta  during a l l  e a r l y  o r b i t e r  f l i g h t s .  The low and h igh  a l t i - t u d e  
r e sea rch  a i r  data  systems w i l l  b e  i n t e g r a t e d  i n t o  O r b i t e r  102 a f t e r  OFT-2, and t h e  f i r s t  f l i g h t  w i l l  occur  i n  l a t e  FY 
1982 o r  e a r l y  FY 1983. 

Two i n s t rumen ta t ion  package experiments  w i l l  b e  used t o  examine aerodynamic hea t ing  and,  t h u s ,  t h e  requirements  of t h e  
thermal  p r o t e c t i o n  system and i t s  opera t ing  l i m i t a t i o n s .  
C-141 Kuiper A i r c r a f t  Laboratory w i l l  b e  used during e a r l y  o r b i t e r  f l i g h t s .  The l e e s i d e  i n s t rumen ta t ion  package w i l l  b e  
i n t e g r a t e d  i n t o  t h e  t a i l  pod on Orb i t e r  102 and t h e  f i r s t  f l i g h t  w i l l  occur i n  l a t e  FY 1982. 

The windward in s t rumen ta t ion  package which i s  mounted i n  t h e  

The in s t rumen ta t ion  packages t o  o b t a i n  dynamic, a c o u s t i c ,  and thermal  data  i n  t h e  o r b i t e r  cargo  bay  w i l l  b e  de l ive red  
t o  t h e  launch s i t e  i n  N 1982. One package w i l l  b e  mounted on t h e  OSTA-1 p a l l e t  f o r  f l i g h t  on OFT-2. The second w i l l  
a r r i v e  mounted on t h e  OSS- 1 p a l l e t  f o r  f l i g h t  on OFT-3 o r  4. 

N 1981 a d d i t i o n s  t o  t h e  program w i l l  b e  w e l l  i n t o  t h e  des ign  and development phase. These i nc lude  a n  o r b i t e r  
a l t i m e t e r  package, two f l i g h t  c o n t r o l  experiments  ( d i r e c t  a c t i v a t o r  c o n t r o l ,  and advanced a u t o p i l o t  so f tware ) ,  a package 
t o  measure t h e  e f f l u e n c e  from s o l i d  rocket  propuls ion  systems,  and in- space hardware f o r  a n  r e sea rch  and technology 
program i n  cryogenic f l u i d  management. Packages which a r e  cand ida t e s  f o r  i n c l u s i o n  i n  t h e  program i n  FY 1982 i n c l u d e  a 
t i t a n i u m  thermal  p r o t e c t i o n  test pane l ,  two f l i g h t  c o n t r o l  experiments ,  two aerothermodynamic in s t rumen ta t ion  packages, 
a s t r u c t u r a l  temperature i n s t rumen ta t ion  package, and a composite test a r t i c l e .  These e f f o r t s  a r e  i n  t h e  d e f i n i t i o n  
phase i n  FY 1981. 

A l l  t h e  da t a  obta ined  by  t h e  b a s i c  o r b i t e r  f l i g h t  i n s t rumen ta t ion ,  t h e  o r b i t e r  development f l i g h t  i n s t rumen ta t ion ,  and 
t h e  s p e c i a l  i n s t rumen ta t ion  developed i n  t h i s  program w i l l  b e  ca ta loged  and f i l e d  f o r  r e sea rch  purposes. This data  b a s e  
suppor t s  r e s e a r c h  programs which w i l l  a d d r e s s  s p e c i f i c  space t r a n s p o r t a t i o n  system problems o r  advanced g e n e r i c  v e h i c l e  
technology. 
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BASIS OF FUNDING REQUIREMENTS: 
SYSTEMS TECHNOLOGY PROGRAMS 

1981 1982 
1980 Budget Current Budget Page 

A c t u a l  E s t  im  t e E s t i m a t e  E s t  i m  t e NO 

(Thousands of D o l l a r s )  

Space system studies................................... 2,323 2,200 2,000 2,400 RD 10-19 
Informat ion systems technology.*........ ............... 1,500 4,200 4,100 7,200 RD 10-20 

3,600 RD 10-21 Spacecraf t  systems technology.......................... 6,947 1,400 1,400 

Total................................................ 10,770 7,800 7,500 13,200 

Space Systems S t u d i e s  .................................. 2,323 2,200 2,000 2,400 

OBJECTIVES AND STATUS: 

The o b j e c t i v e s  of space  systems s t u d i e s  a r e  t o  i d e n t i f y  and e v a l u a t e  t h e  technology requirements  of advanced system 
cand ida tes ,  t o  i n v e s t i g a t e  f u t u r e  space  miss ion a l t e r n a t i v e s ,  t o  a s s e s s  t h e  effects  of technology advances,  and t o  
provide  a da ta  b a s e  t o  suppor t  technology program s e l e c t i o n  and program planning.  S tud ies  w i l l  con t inue  t o  examine t h e  
development of f u t u r e  program technology needs,  t o  determine t h e  subsequent d e t a i l e d  technology requirements ,  and t o  
cons ide r  a l t e r n a t i v e  s o l u t i o n s  f o r  s a t i s f y i n g  needs and requirements.  

During FY 1981, s t u d i e s  continued towards t h e  i d e n t i f i c a t i o n  of needs and o p p o r t u n i t i e s  f o r  planning t h e  technology 
programs of s p a c e c r a f t ,  informat ion,  and t r a n s p o r t a t i o n  systems and f o r  improving and expanding t h e  space systems 
technology model. 

CHANGES FROM FY 1981 BUDGET ESTTWATES: 

This  dec rease  i s  a r e s u l t  p r i m a r i l y  of t h e  Congressional  r educ t ion  t o  t h e  FY 1981 NASA a p p r o p r i a t i o n  reques t .  
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M I S  OF FY 1982 ESTIMATE: 

The FY 1982 e f f o r t s  will cont inue  t o  s tudy  t h e  technology f o r  s p a c e c r a f t ,  in format ion ,  and t r a n s p o r t a t i o n  systems. 
Analyses will b e  conducted t o  ca t a log  and rank  a v a i l a b l e ,  planned, and f o r e c a s t  technology from sou rces  w i th in  and 
o u t s i d e  NASA. Continuing s t u d i e s  w i l l  rank technology op t ions  and develop s t r a t e g i e s  f o r  t h e  a t t a inmen t  of long- range 
g o a l s  through a p p l i c a t i o n  t o  near- term missions.  Spec ia l  s tudy  emphasis w i l l  b e  g iven  t o  key technology i s s u e s ,  such a s  
computer s c i e n c e s ,  autonomous spacec ra f t  , automated launch and f l i g h t  ope ra t i ons ,  c o s t- e f f e c t i v e  system sca le  growth, 
s p a c e c r a f t  support  services, au tomi ted  miss ion  scheduling and decisionmaking techniques ,  Shu t t l e - de r ived  v e h i c l e s ,  a e r o -  
a s s i s t e d  o r b i t a l  t r a n s f e r ,  and i n f o r m t i o n  systems f o r  t roposphere  and s t r a t o s p h e r e  observa t ions .  

me space systems technology model w i l l  a l s o  b e  expanded t o  ana lyze  t h e  ex t ens ive  data  b a s e  of mission and technology 
c a p a b i l i t y  f o r e c a s t s .  
p r i o r i t i z a t i o n  a i d s  f o r  r e sea rch  and technology program management. 

This  w i l l  b e  used t o  i d e n t i f y  technology gaps  and v o i d s  and t o  g e n e r a t e  planning and 

1981 1982 
1980 Budget Current Budg e t  

Actual  Est imate Est imate Estimate 
(Thousands of Do l l a r s )  

Information systems technology......................... 1 , 500 4,200 4,100 7,200 

OBJECTIVES AI?D STATUS: 

The o b j e c t i v e  of t h i s  e f f o r t  i s  t o  i n t e g r a t e  advanced e l e c t r o n i c  dev ices  o r  systems concepts  developed i n  t h e  r e sea rch  
and technology b a s e  wi th  suppor t ing  technology t o  demonstrate  and v a l i d a t e  improved performance, i nc reased  r e l i a b i l i t y  
and reduced c o s t s  f o r  f u t u r e  informat ion  systems and t o  s t i m u l a t e  new systems concepts  and services. 

I n  1980, t h e  s a t e l l i t e  communications technology program was i n i t i a t e d .  The purpose of t h i s  a c t i v i t y  was t o  develop 
t h e  h igh  r i s k  s a t e l l i t e  communications technology which opens new s p e c t r a l  bands ,  promotes conse rva t ion  of the r equ i r ed  
e lec t romagnet ic  spectrum and g e o s t a t i o n a r y  o r b i t  s l o t s  and f a c i l i t a t e s  t h e  development of i nnova t ive ,  low c o s t ,  s a t e l -  
l i t e  communications s e r v i c e s  t o  t h e  publ ic .  Experimental development of 20 GHz Travel ing Wave Tube (TWT) was i n i t i a t e d  
and des ign  s t u d i e s  were conducted f o r  20  GHz TWT and mul t i s t age  depressed c o l l e c t o r .  I n  t h e  antenna a r e a ,  de s ign  
concepts  f o r  a nea r- f i e ld  p l ana r  scanner  system were developed. Basic computer programs r equ i r ed  f o r  c a l c u l a t i o n  of 
f a r- f i e l d  antenna p a t t e r n s  from nea r- f i e ld  measurements w e r e  implemented. The des ign  and f a b r i c a t i o n  of a 7-element 
cluster- of- elements  feed  wi th  c o n t r o l l a b l e  phase and ampl i tude  d i s t r i b u t i o n  was demonstrated a t  20 GHz. I n  t h e  s o l i d  
s t a t e  m a t e r i a l  and components a r e a ,  work was i a i t i a t e d  t o  d e f i n e  t h e  l a b o r a t o r y  measurements c a p a b i l i t i e s  inc luding  
f a c i l i t i e s  and  equipment f o r  network a n a l y s i s ,  s t r i p l i n e  f a b r i c a t i o n ,  and s u r f a c e  c h a r a c t e r i z a t i o n .  
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CHANGES FROn FY 1981 BUDGET ESTIMATES: 

The dec rease  of $100,000 r e f l e c t s  t h e  Congresesional  reduct ion  t o  t h e  FY 1981 NASA a p p r o p r i a t i o n  r eques t .  

BASIS FOR FY 1982 ESTIMATES: 

Research and technology e f f o r t s  i n  t h e  s a t e l l i t e  communications technology program w i l l  cwer b a s i c a l l y  two 
a c t i v i t i e s :  
e f f o r t  w i l l  cont inue  on s o l i d  s t a t e  power a m p l i f i e r s  s u i t a b l e  f o r  s i n g l e  o r  mul t idevice  a m p l i f i e r s ,  modulators ,  and 
demodulators; new tube  a m p l i f i e r  f a s t  wave devices  f o r  s h o r t e r  wavelength and h igher  power a p p l i c a t i o n ;  l i n e a r  power 
a m p l i f i e r s ;  antenna f eeds ;  and new power processor  dev ices  f o r  e f f i c i e n t  energy t r a n s f e r .  

30120 G H z  communications program and land  mobile s a t e l l i t e  service. I n  each of t h e s e  a c t i v i t i e s ,  t h e  

I n  M 1982 work w i l l  b e g i n  on t e s t i n g  t h e  20 GHz t r ansmi t  a r r a y .  Antenna system development w i l l  beg in .  C i r c u i t  
development f o r  3 0 GHz monol i th ic  r e c e i v e r  module and monol i th ic  microwave i n t e g r a t e d  c i r c u i t  component development f o r  
multimode i n t e g r a t e d  s t r u c t u r a l ,  r a d i o  frequency,  c o n t r o l  and t h e r m 1  e f f e c t s  model l i n k  of t h e  30120 GHz and land  
mobile s a t e l l i t e  s e r v i c e  an t ennas  w i l l  s t a r t .  Also, t e s t s  designed t o  determine t h e  f e a s i b i l i t y  of cooled feed  a r r a y  
f o r  3 0  G H z  cooled low-noise r e c e i v e r  w i l l  b e  s t a r t e d .  

1981 1982 
1980 Budget Current Budget 

Actual  E s t i l n a t e  E s t  im  t e Est imate 
(Thousands of Do l l a r s )  

Spacecraft  systems technology.......... ................ 6,947 1,400 1,400 3,600 
Space Transpor t a t i on  Systems Operat ions. .  .............. (65) (8,900) (32) (700) 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h i s  e f f o r t  i s  t o  provide  t h e  c a p a b i l i t y  t o  extend r e sea rch  and technology programs i n t o  t h e  
environment of space using t h e  S h u t t l e ,  Spacelab, and f r ee- f ly ing  v e h i c l e s .  Research and technology programs a r e  so  
extended when t h e  unique space  environment i s  e s s e n t i a l  t o  t h e  progress  of t h e  e f f o r t ,  when a n  in- space test i s  cos t-  
e f f e c t i v e ,  o r  when a n  in- space v e r i f i c a t i o n  w i l l  a c c e l e r a t e  t h e  u t i l i z a t i o n  of advanced technology. This e f f o r t  
p rovides  a n  e f f e c t i v e  means t o  demonstrate  technology r ead ines s  so  t h a t  t h e  advanced technology c a p a b i l i t y  can b e  used 
f o r  important  space  miss ions  a t  a n  a c c e p t a b l e  cos t  and r i s k .  

The a c t i v i t y  i nc ludes  t h e  development, i n t e g r a t i o n ,  and f l i g h t  ope ra t i ons  of experiments  t o  b e  conducted i n  t h e  
Spacelab, t h e  development of the Long Durat ion Exposure F a c i l i t y  (LDEF), t h e  development and i n t e g r a t i o n  of experiments  
f o r  t h e  f i r s t  LDEF mission,  and a f l i g h t  demonstrat ion of a n  i o n  a u x i l i a r y  p ropu l s ion  system on a f r ee- f ly ing  Air Force 
s a t  e l l i t  e. 
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The Spacelab experiments remaining i n  t h e  program a r e  a s s igned  t o  e a r l y  Spacelab missions.  They a r e  a l l  be ing 
completed on schedules  compatible wi th  t h e  i n t e g r a t i o n  requirements of t h e i r  a s s i g n e d  miss ions .  The t h e r m 1  c a n n i s t e r  
experiment h a s  been i n t e g r a t e d  t o  t h e  Spacelab p a l l e t  awa i t ing  launch i n  e a r l y  FY 1982. 

The LDEF i s  completed and i n  s to rage .  The experiments a r e  i n  v a r i o u s  s t a g e s  of development and f a b r i c a t i o n ,  and some 
experiments have been placed i n  s to rage .  

The 8- cm i o n  a u x i l i a r y  engine  f l i g h t  demonstra t ion on t h e  USAF P80-1 s p a c e c r a f t  w i l l  p rovide  t h e  in- space 
demonstra t ion of technology read iness .  

BASIS OF FY 1982 EST==: 

I n  FY 1982, t h e  thermal  c a n n i s t e r  experiment w i l l  b e  launched and p re l iminary  data  a n a l y s i s  completed. The SEPS Sola r  
Array and t h e  So la r  Cell  C a l i b r a t i o n  experiments w i l l  b e  i n t e g r a t e d  i n t o  t h e  S h u t t l e  f o r  a n  e a r l y  FY 1983 launch.  Other 
experiments w i l l  have been f a b r i c a t e d ,  and,  i n  most c a s e s ,  i n t e g r a t e d  i n t o  f l i g h t  packages o r  p laced i n  s t o r a g e  awa i t ing  
f u t u r e  i n t e g r a t i o n  and f l i g h t .  

The LDEF w i l l  b e  removed from s t o r a g e  and prepared f o r  shipping.  Experiments w i l l  b e  t e s t e d  and f u r t h e r  prepared f o r  
i n t e g r a t i o n  i n t o  t h e  LDEF i n  a n t i c i p a t i o n  of a n  e a r l y  FY 1984 launch d a t e .  

F l i g h t  hardware f o r  t h e  exper imenta l  tes t  of t h e  8- cm i o n  a u x i l i a r y  p ropu l s ion  system w i l l  b e  completed and 
q u a l i f i c a t i o n  t e s t e d  i n  p r e p a r a t i o n  f o r  i n t e g r a t i o n  wi th  t h e  USAF P80-1 s p a c e c r a f t .  
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BASIS OF FUNDING E- S: 

STANDARDS AND PRACTICES 

Standards and p r a c t i c e s . .  . . . . . . . . . . . . . . . . . .. ... .. .. ... . 

1981 1981 
1980 Budget Current Budget 

Actual  E s t  ima  t e E s t i m a t e  E s t i m a  t e 
(Thousa nds of Dolla r s ) 

5 , 000 2,100 2,100 3,000 

OBJECTIVES AND STATUS: 

The o b j e c t i v e  of t h e  s t andards  and p r a c t i c e s  program i s  t o  pravi.de a n  agency f o c a l  point  f o r  a l l  program assessment 
f u n c t i o n s  r e l a t i v e  t o  program assurance ,  s a f e t y ,  s t andards ,  p r a c t i c e s  and s p e c i a l  p r o j e c t  a c t i v i t i e s  t o  i n s u r e  miss ion 
i n t e g r i t y .  This  i n c l u d e s  r e s p o n s i b i l i t y  f o r  o v e r a l l  review of t h e  t e c h n i c a l  execu t ion  of a l l  NASA programs t o  a s s u r e  
that t h e  development e f f o r t s  and miss ion o p e r a t i o n s  a r e  being planned and conducted on a sound engineer ing b a s i s  wi th  
proper programmatic c o n t r o l s .  S p e c i a l l y ,  t h e  o b j e c t i v e s  a r e  t o  mainta in  a n  overview of t h e  t e c h n i c a l  execu t ion  of NASA 
programs; a d d r e s s  t e c h n i c a l  problems h i g h l i g h t e d  i n  reviews;  r e v i e w  program p lans  , p r o j e c t  execu t ion ,  conduct surveys  
and s p e c i a l  i n v e s t i g a t i o n s  r e l a t e d  t o  program execut ion,  r e l i a b i l i t y ,  q u a l i t y  a s s u r a n c e  and systems s a f e t y .  Develop 
p o l i c i e s ;  monitor compliance; i s s u e  exper ience  b u l l e t i n s  on program assurance- re la ted  i s s u e s ;  develop handbooks and 
g u i d e l i n e s  governing r e l i a b i l i t y ,  q u a l i t y  a s su rance ,  so f tware ,  s a f e t y  and o t h e r  p r a c t i c e s ;  p a r t i c i p a t e  wi th  in te ragency  
and i n d u s t r y  groups  i n  a c t i v i t i e s  f o s t e r i n g  b e t t e r  cooperat ion on programs and i s s u e s  of mutual i n t e r e s t .  

During FY 1980, t h e  major e f f o r t  was t h e  i n i t i a t i o n  and s u b s t a n t i a l  completion of a n  independent r e v i e w  and assessment 
of t h e  adequacy of t h e  Space Transpor ta t ion  System-1 (STS-1) F l igh t  V e r i f i c a t i o n / C e r t i f i c a t i o n  program. The assessment 
was d iv ided  i n t o  t h i r t e e n  main a r e a s :  propuls ion,  i n t e g r a t e d  v e h i c l e  l o a d s ;  o r b i t e r  l o a d s ;  a e r o  and thermal  a n a l y s i s ;  
thermal  p r o t e c t i o n  system; f l i g h t  c o n t r o l  h y d r a u l i c s  system and a s s o c i a t e d  e l e c t r o n i c s ;  launch and a s c e n t  guidance,  
nav iga t ion  and c o n t r o l ;  e n t r y  and landing guidance,navigat ion and c o n t r o l ;  l a n d i n g f d e c e l e r a t i o n  system and miscel laneous  
c r i t i c a l  mechanisms; environmental  c o n t r o l  and l i f e  support  systems and crew equipment ; s e p a r a t i o n  sys tems;  e l e c t r i c a l  
power d i s t r i b u t i o n  and c o n t r o l ;  and ground systems. 
t h e s e  a r e a s .  Support w s  p r w i d e d  by  t e c h n i c a l  e x p e r t s  from w i t h i n  and o u t s i d e  NASA, and through c o n t r a c t s  wi th  
o r g a n i z a t i o n s  f a m i l i a r  wi th  t h e  t e c h n i c a l  a r e a s  under r e v i e w .  

A "cognizant engineer"  was a s s i g n e d  r e s p o n s i b i l i t y  f o r  each of 
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The s t anda rd  equipment development program was completed and cognizance f o r  t h e  i t e m s  i n  inventory  t r a n s f e r r e d  t o  t h e  
f l i g h t  p r o j e c t s  using t h e  equipment. The computer-based da t a  bank l i s t i n g  of p r e s e n t l y  f l i g h t - q u a l i f i e d  NASA equipment 
and s i m i l a r  equipment a v a i l a b l e  from i n d u s t r y  was i n i t i a t e d  wi th  a p i l o t  program. 
t o  cons ider  u se  o r  mod i f i ca t i on  of t h e s e  i t e m s  b e f o r e  beginning independent des igns .  
program t o  i d e n t i f y  spacec ra f t  equiment mal funct ions  of subsystems/components used by b o t h  o r g a n i z a t i o n s  i n  a t imely  
manner began development. Increas ing  emphasis was d i r e c t e d  a t  i n t e g r a t e d  c i r c u i t  system a s s u r a n c e ;  systems s a f e t y ;  
s t anda rd  and f l i g h t- q u a l i f i e d  p a r t s  q u a l i t y ;  environmental engineering s t anda rds ;  workmanship g u i d e l i n e s ;  and  sof tware  
assurance .  

The o b j e c t i v e  i s  t o  encourage u s e r s  
A NASA/DOD informat ion  exchange 

BASIS OF ?T 1982 ESTIMATE: 

The FY 1982 program w i l l  cont inue  e f f o r t s  t o  c a t e g o r i z e  s i g n i f i c a n t  parameters  f o r  p red i c t i ng  product q u a l i t y ,  
r e l i a b i l i t y  and performance i n  expected r a d i a t i o n  environments and i d e n t i f y  t h e  development r i s k s  of spacec ra f t  
components, systems and software.  Increased  emphasis w i l l  b e  d i r e c t e d  a t  i d e n t i f y i n g  test methods and procedures which 
promise t o  improve t h e  c o r r e l a t i o n  between ground test r e s u l t s  and exper ience  i n  o r b i t .  This  i s  becoming i n c r e a s i n g l y  
important  because  of t h e  g r e a t e r  complexity and longev i ty  of spacec ra f t  under development. The O f f i c e  of t h e  Chief 
Engineer w i l l  also provide  continuing support  t o  i d e n t i f y  c o r r e c t i v e  a c t i o n s  that can b e  t aken  t o  overcome on- orbit 
anomalies  i n  i n t e g r a t e d  c i r c u i t  subsystems due t o  cosmic r ay  impingement on spacec ra f t  components, and w i l l  explore  t h e  
merit of s e l e c t e d  engineer ing  v a l i d a t i o n  p r o j e c t s  t o  a c c e l e r a t e  technology t r a n s f e r  from f e a s i b i l i t y  demonstrat ion t o  
u se  i n  s p e c i f i c  space  programs. P r o j e c t s  t o  enhance r e l i a b i l i t y ,  q u a l i t y  a s su rance  and program s a f e t y ,  a s  w e l l  a s  t h e  
b a i l a b l e  F l igh t -Qua l i f i ed  Equipment L i s t i n g ,  NASA/WD Common User Exchange, and p repa ra t i on  of engineering s t anda rds  
and g u i d e l i n e s  w i l l  b e  continued.  Spec ia l  t a s k i n g s  from t h e  Adminis t ra tor  o r  Deputy Adminis t ra tor ,  such a s  t h e  STS-1 
Fl igh t  Verification/Certification program r e v i e w  and assessment ,  w i l l  cont inue  t o  b e  major r e s p o n s i b i l i t i e s  of t h e  
Of f i ce  of t h e  Chief Engineer. 

RD 10-24 



ENERGY 
TECHNOLOGY 



BESEARCE AND D m € " T  

FISCAL YEAR 1982 ESTLMATES 

BUDGET SUMMARY 

OFFICE OF AERONAUTICS AHD SPACE TJICHMOLOGY 

SUMMARY OF RESOURCES REQUIREMENTS 

1980 
Actua l  

Energy Technology.............................................. . 3,000 

D i s t r i b u t i o n  of Program Amount by  I n s t a l l a t i o n :  

Johnson Space C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --- 
Kennedy Space C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Marsha l l  Space F l i g h t  Center  .................................... 995 
Na t iona 1 Space Technology Labora to r i e s . .  ........................ --- 
Jet P ropu l s ion  Laboratory............................ ........... 92 6 
L e w i s  Research C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 83 
Headquarters.................. .................................. 76 

Total......................................................... 3,000 

EMERGY TECHNOLOGY 

1981 
Budget Curren t  

Estimte Es t imate  
(Thousands of D o l l a r s )  

4,000 3,900 

150 22 5 
80 

1,250 1,305 
50 

1,750 1,515 
700 7 00 
150 25 

--- 
--- 

4,000 3,900 

1982 
Budg et 

E s t i m a t e  

4,400 

225 
12 0 

1,450 
100 

1,780 
3 00 
42 5 

4,400 
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RESEhacB AND DEVBLOPMENT 

FISCAL YgllB 1982 ESTIMATES 

OWICE OF AERONAUTICS AND SPACE TECHNOLOGY ENKRGY TECHNOWY 

,PROGRAM OBJECTIVES AND JUSTIFICATION: 

The major g o a l  of t h e  energy technology program i s  t o  app ly  NASA a e r o n a u t i c s  and space  t echno log ies ,  exper ience ,  and 
f a c i l i t i e s  t o  t h e  energy resea rch  and development needs of t h e  Nation; and t o  unders tand,  e v a l u a t e ,  and d e f i n e  how NASA 
c a p a b i l i t i e s  can b e  a p p l i e d  t o  e x p l o i t  t h e  unique c h a r a c t e r i s t i c s  of t h e  space  environment t o  h e l p  s o l v e  energy- rela ted  
problems on Earth.  These o b j e c t i v e s  a r e  accomplished through t h e  i n i t i a t i o n  of NASA-funded exp lo ra to ry  programs i n  
energy technology a r e a s  t h a t  have c l o s e  a f f i n i t i e s  t o  e s t a b l i s h e d  NASA e x p e r t i s e ;  and t h e  subsequent conversion of t h e s e  
e f f o r t s  i n t o  re imbursable  programs that e x p l o i t  unique NASA t e c h n i c a l  c a p a b i l i t i e s .  

Over t h e  p a s t  s e v e r a l  y e a r s ,  t h e  Department of Energy, and o t h e r  a g e n c i e s ,  have looked t o  NASA t o  provide  t e c h n i c a l  
e x p e r t i s e  f o r  a n a l y s e s  of new energy problems, and t o  recommend s o l u t i o n s  t o  t h e s e  problems. These independent a n a l y s e s  
w i l l  b e  continued t o  a s s u r e  that t h i s  c a p a b i l l i t y  i s  r e t a i n e d .  

A s  a r e s u l t  of t h e  NASA-funded energy r e s e a r c h  and technology e f f o r t s  conducted t o  d a t e ,  NASA i s  now a u n j o r  
c o n t r i b u t o r  towards t h e  s u c c e s s f u l  development of t echno log ies  i n  wind energy sys tems,  s o l a r  hea t ing  and cool ing,  
pho tovo l t a i c  convers ion,  energy s t o r a g e ,  advanced ground p ropu l s ion ,  and f o s s i l  f u e l  power genera t ion .  I n  a d d i t i o n ,  
a n a l y s e s  conducted t o  d a t e  support  continued s tudy i n t o  t h e  f e a s i b i l i t y  of u t i l i z i n g  t h e  unique space  environment t o  
provide  energy (Sa t e l l i t e  Power System) and t o  d i spose  of nuc lea r  waste. 

C W G 4 S  PBOH FY 1981 BULXET ESTIMATE: 

The reduc t ion  of $100,000 i n  t h e  FY 1981 estimate i s  t h e  r e s u l t  of t h e  g e n e r a l  Congressional  r educ t ion  i n  t h e  NASA 
a p p r o p r i a t i o n  reques t .  

BASIS OF FY 1982 ESTIMATE: 

FY 1982 funding a t  t h e  $ 4 . 4  m i l l i o n  level w i l l  p rovide  f o r  t h e  con t inua t ion  of s e l e c t e d ,  c r i t i c a l  technology 
i n v e s t i g a t i o n s  i n  such a r e a s  a s :  s o l a r  energy a p p l i c a t i o n s ,  b ioenergy,  e lec t r ic  u t i l i t y  systems, advanced c o a l  
convers ion and power g e n e r a t i o n  systems, and automot ive  t r a n s p o r t a t i o n  systems; and w i l l  permit  NASA t o  submit p roposa l s  
on t h e  more promising of t h e s e  p o t e n t i a l  energy concepts  t o  o u t s i d e  a g e n c i e s  f o r  re imbursable  suppor t .  
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RESEARCH AND DgOBMPMENT 

FISCAL YEAR 1982 ESTIMATES 

BUDGET SIMUARY 

OFFICE OF SPACE "BACKING AND DATA SYSTEMS TRACKING AtQDATA ACQUISITION PROGRAM 

SUMMARY OF RESOURCES REQUIREMENTS 

Operat ions . . . . . . . . . . . . .  ................................ 
Systems i ~ l e m e n t a t i o n . . . . . . . . . . ~ . . . . ~ . . . . . . . . . . . . . . . . .  
Advanced s y s t e m s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total................................................ 

Distribution of Program Amounts by Ins ta l la t ion:  

Marshall Space Flight Center ........................... 
Goddard Space Flight Center.. . . . . . . . . . . . .. . . . . . . . . . . . . . 
Jet Propulsion Laboratory. . . . . . . . .  ..................... 
Wallops Flight C e n t e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dryden Flight Research Center.. . . . . . . . . . . . . . . . . . . . . . . . . 
H e a d q u a r t e r s . . . . . . . . . . . . . . . . . . .  ........................ 

T o t a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1980 
Actual 

264,400 

10,600 

332,100 

57,100 

555 
23 1,460 
70,3 75 
6,580 
3,050 

20,080 

332,100 

1981 
Budget Current 

Estimate Estimate 
(Thousands of Dollars)  

270,000 267,100 
67,700 62,700 
11,300 11.300 

349,000 341,100 

2 00 
243,100 237,300 
74,000 75,600 
6,800 5,950 
3,600 3,050 
21,500 19,000 

--- 

349,000 341,100 

1982 
Buds et Page 

Estimate - NO 

309,800 RD 12-4 
112,900 12-14 
12,500 RD 12-23 

43 5,2 00 

2 00 
2 94,3 00 
103,000 
11,300 
3,500 
22,900 

435,200 
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BESEABCH AND DEPEMPMKNT 

FISCAL YEAR 1982 ESTIMATES 

OFFICE OF SPACE TBBCgING AND DATA SYSTRMS TRACKING AND DATA ACQUISITION PROGRAM 

PROGRAM 08JECl'IWS AND JUSTIFICATION: 

The purpose of t h i s  program i s  t o  provide  v i t a l  t r a c k i n g ,  command, t e l eme t ry  and data a c q u i s i t i o n  support  t o  meet t h e  
requirements  of a l l  NASA f l i g h t  p r o j e c t s .  In a d d i t i o n  t o  NASA f l i g h t  p r o j e c t s ,  support  i s  provided,  a s  mutual ly agreed ,  
f o r  p r o j e c t s  of  t h e  Department of Defense, o t h e r  Government agenc i e s ,  commercial f i r m s ,  and o t h e r  c o u n t r i e s  and 
i n t e r n a t i o n a l  o rgan iza t ions  engaged i n  space  r e sea rch  endeavors. 

Support i s  provided f o r :  sounding r o c k e t s ,  r e sea rch  a i r c r a f t ,  Ear th  o r b i t a l  and s u b o r b i t a l  miss ions ,  p l a n e t a r y  
s p a c e c r a f t ,  and deep space  probes. It a l s o  i nc ludes  t h e  support  of a l l  phases  of t h e  Space S h u t t l e  f l i g h t  program. 
The v a r i o u s  t ypes  of support  provided inc lude :  ( a )  t r ack ing  t o  determine t h e  p o s i t i o n  and t r a j e c t o r y  of v e h i c l e s  i n  
space: (b)  a c q u i s i t i o n  of s c i e n t i f i c  and space  a p p l i c a t i o n s  data  from on-board experiments  and senso r s ;  ( c )  acqui-  
s i t i o n  of engineer ing  da ta  on t h e  performance of spacec ra f t  and launch v e h i c l e  systems;  (d) t r ansmis s ion  of commands 
from ground s t a t i o n s  t o  s p a c e c r a f t ;  (e )  communication wi th  a s t r o n a u t s ;  ( f )  communication of i n f o r m t i o n  between t h e  
v a r i o u s  ground f a c i l i t i e s  and c e n t r a l  c o n t r o l  c e n t e r s ;  (g) processing of data  acqu i r ed  from t h e  launch v e h i c l e s  and 
s p a c e c r a f t ;  (h)  r e c e p t i o n  of TV from space  v e h i c l e s .  Such support i s  e s s e n t i a l  f o r  achiev ing  t h e  s c i e n t i f i c  o b j e c t i v e s  
of a l l  f l i g h t  miss ions ,  f o r  executing t h e  c r i t i c a l  d e c i s i o n s  which must b e  made t o  a s s u r e  t h e  success  of t h e s e  f l i g h t  
miss ions ,  and ,  i n  t h e  case of S h u t t l e  miss ions ,  t o  i n s u r e  t h e  s a f e t y  of t h e  crew. Tracking and a c q u i s i t i o n  of data  f o r  
t h e  s p a c e f l i g h t  p r o j e c t s  i s  accomplished by t h e  use  of a worldwide network of NASA ground s t a t i o n s .  These f a c i l i t i e s  a r e  
i n t e r connec t ed  by  ground communications l i n e s ,  undersea c a b l e s ,  and communications s a t e l l i t e  c i r c u i t s  which a r e  l ea sed  
from communications c a r r i e r s ,  b o t h  domestic and fo re ign .  This in t e r connec t ion  provides  t h e  communications c a p a b i l i t y  
needed between spacec ra f t  and t h e  c o n t r o l  c e n t e r s  from which t h e  f l i g h t s  a r e  d i r e c t e d .  

To m e e t  t h e  support  requirements  l e v i e d  by  t h e  wide v a r i e t y  and l a r g e  number of f l i g h t  p r o j e c t s ,  NASA has  e s t a b l i s h e d  
two networks t o  meet t h e  needs of t h e  two c l a s s e s  of NASA f l i g h t  missions.  These a r e  t h e  Spacef l igh t  Tracking and Data 
Network (STDN), which suppor t s  Ear th  o r b i t a l  miss ions  and t h e  Deep Space Network (DSN), which suppor t s  p l ane t a ry  and 
i n t e r p l a n e t a r y  f l i g h t  miss ions .  

Computation f a c i l i t i e s  a r e  maintained t o  provide  r e a l - t i m e  i n f o r m t i o n  f o r  miss ion  c o n t r o l  and t o  process  i n t o  
meaningful form t h e  l a r g e  amounts of s c i e n t i f i c ,  a p p l i c a t i o n s ,  and engineer ing  da ta  which a r e  c o l l e c t e d  from f l i g h t  
p r o j e c t s .  I n  a d d i t i o n ,  i n s t rumen ta t ion  f a c i l i t i e s  a r e  provided f o r  support  of sounding rocket  launchings and f l i g h t  
t e s t i n g  of a e r o n a u t i c a l  r e sea rch  a i r c r a f t .  

RD 12-2 



I n  f u t u r e  y e a r s ,  t h e  ope ra t ion  of t h e  Tracking and Data Relay S a t e l l i t e  System (TDRSS) w i l l  b e  a n  important  element of 

NASA w i l l  o b t a i n  TDRSS services v i a  a service c o n t r a c t  
t h e  NASA space  program. This system w i l l  support  nea r ly  a l l  B r t h  o r b i t a l  s p a c e c r a f t  missions and will g r e a t l y  improve 
NASA's Ear th  o r b i t a l  t r ack ing  and da ta  a c q u i s i t i o n  c a p a b i l i t i e s .  
wi th  Space Communications Company who w i l l  develop,  own and ope ra t e  t h e  system. Serv ice  i s  planned t o  b e  i n i t i a t e d  i n  
PY 1983 

With t h e  advent  of TDRSS services, s e v e r a l  of t h e  STDN t r ack ing  s t a t i o n s  w i l l  b e  c losed  i n  1984. Planning is  a l s o  
underway t o  conso l ida t e  t h e  r e m i n i n g  c o r e  STDN s t a t i o n s  w i th  t hose  of t h e  DSN under t h e  management of the Jet 
Propuls ion  Laboratory (JPL) .  
synchronous, h igh ly  e l l i p t i c a l ,  and p l ane t a ry  missions whi le  reducing ope ra t ions  and m i n t e n a n c e  c o s t s .  

The conso l ida t ion  i s  keyed t o  providing a s i n g l e  network i n  t h e  mid-1980s t o  support  

The r e s e a r c h  and dwelopment (R&D) a p p r o p r i a t i o n  p r w i d e s  funds f o r :  (a )  t h e  ope ra t ions  and maintenance of t h e  
worldwide f a c i l i t i e s ;  (b) t h e  engineer ing  and procurement of equipment t o  s u s t a i n  and modify t h e  network systems t o  
suppport  cont inuing ,  new, and changing f l i g h t  p r o j e c t  requirements;  and (c )  t h e  dwelopment of advanced t r ack ing  and 
da ta  a c q u i s i t i o n  systems and t h e  i n v e s t i g a t i o n  of advanced t r ack ing  and data a c q u i s i t i o n  techniques.  

CEAUGTtS FROM FY 1981 BUDGET ESTIMATE: 

The c u r r e n t  estirnate f o r  N 1981 i s  $7.9 m i l l i o n  below t h e  budget estimate. This  r e f l e c t s  t h e  g e n e r a l  Congressional  
r educ t ion  of t h e  FY 1981 a p p r o p r i a t i o n  which has r e s u l t e d  i n  t h e  e l imina t ion  of t e l eme t ry  l i n k s  a t  two s t a t i o n s  and a n  
ope ra t ing  s h i f t  a t  ano the r ;  t h e  d e f e r r a l  of a s i g n i f i c a n t  p o r t i o n  of t h e  miss ion  c o n t r o l  c e n t e r  c a p a b i l i t y  in tended  t o  
imprwe  t h e  u t i l i z a t i o n  and e f f i c i e n c y  of t h e  g e n e r a l  purpose c o n t r o l  c e n t e r  systems;  a rephasing of t h e  funding f o r  t h e  
procurement of t h e  Landsat-D t r a n s p o r t a b l e  ground s t a t i o n  and de l ay  of i t s  a s s o c i a t e d  communication t e rmina l ;  and 
d e f e r r a l  of Wallops r a d a r  component replacement. 

This  r educ t ion  has impacted t h e  l e v e l  and r e l i a b i l i t y  of cu r r en t  support  t o  ongoing s a t e l l i t e s  and has added f u r t h e r  
r i s k  t o  t ime ly  completion of p repa ra t i on  f o r  upcoming missions and t a sks .  
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OPERATIONS 

BASIS OF €7' 1982 FIJNDING REQUIREMENTS: 

Funds reques ted  f o r  o p e r a t i o n s  provide f o r  t h e  procurement of  manpower and s e r v i c e s  needed t o  o p e r a t e  t h e  worldwide 
network of NASA ground f a c i l i t i e s  i nc lud ing  t r ack ing  s t a t i o n s ,  mission c o n t r o l  c e n t e r s ,  computation and d a t a  process ing  
f a c i l i t i e s ,  suppor t  i n s t rumen ta t ion  f o r  sounding rocke t  and ae ronau t i c s  programs and t o  provide t h e  communications 
r equ i r ed  i n  suppor t  of NASA programs. The FY 1982 funding r eques t  provides  suppor t  t o  approximately 50 automated Earth 
o r b i t i n g  and p l ane t a ry  miss ions .  The funds reques ted  f o r  ope ra t i ons  a l s o  provide  f o r  suppor t  of space s h u t t l e  f l i g h t s  
and f o r  t h e  pre- launch suppor t  a c t i v i t y  r equ i r ed  f o r  upcoming approved miss ions .  The inc rease  i n  M 1982 is  p r imar i l y  
due t o  e s c a l a t i o n  and suppor t  requirements  f o r  upcoming approved programs such as S h u t t l e ,  Landsat-D, p repa ra t i on  f o r  
TDRSS service recovery and l o g i s t i c s  suppor t ,  and f o r  t h e  conso l ida t ion  and r e s t r u c t u r i n g  of c o n t r a c t u a l  e f f o r t  a t  t h e  
Goddard Space F l i g h t  Center (GSFC). 

1980 
Actual 

Space f l i gh t  t r ack ing  and d a t a  network.................. 130,530 
Deep space  network..................................... 58,020 
Aeronautics  and sounding rocket  support................ 4,830 
Communications Operat ions .............................. 35,130 
Data processing........................................ 35,890 

Total..........o..................................... 264,400 

1981 
Budget Current 

E s t  i m a  te E s t i m a t e  
(Thousands of Do l l a r s )  

133,300 130,400 
54,100 56,000 
5,500 5,500 

39,300 37,400 
37,800 37,800 

270,000 267,100 

1982 
Budget 

E s t i m a t e  

150,500 
64,600 

6,800 
41,200 
46,700 

309,800 

Page 
NO 
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1981 1982 
1980 Budget Current Budget 

Actual  Estimte E s t  i m a  t e Estimte 
(Thousands of Do l l a r s )  

Spacef l igh t  t r ack ing  and da t a  network operations....... 130,530 133,300 130,400 150,500 

OBJECTIVES Am) STATUS: 

The primary f u n c t i o n  of t h e  Spacef l igh t  Tracking and Data Network System (STDN) i s  t o  support  a l l  NASA Far th  o r b i t a l  
s p a c e f l i g h t  miss ions ,  inc luding  t h e  Space Shu t t l e .  The ma jo r i t y  of t h e s e  miss ions  have near-Earth o r b i t s ;  however, t h e  
network a l s o  suppor t s  s e l e c t e d  miss ions  through l u n a r  d i s t a n c e s  and beyond, such  a s  t h e  I n t e r n a t i o n a l  Sun-Earth Explorer  
miss ions .  I n  a d d i t i o n ,  the network provides  launch support  t o  NASA automated p l ane t a ry  miss ions ,  a s  w e l l  a s  s p a c e f l i g h t  
missions of  o t h e r  n a t i o n s ,  commercial f i r m s ,  t h e  Department of Defense, and o t h e r  United S t a t e s  government agencies .  
Accordingly, t h e  network must b e  respons ive  t o  t h e  requirements  of a l a r g e  number and wide v a r i e t y  of f l i g h t  p r o j e c t s  
from launch  through completion of t h e  f l i g h t  p r o j e c t  o b j e c t i v e s .  I n  many i n s t a n c e s ,  t h e  per iod  of network support  
r equ i r ed  by  f l i g h t  p r o j e c t s  cont inues  f o r  s e v e r a l  years .  

The STDN p r e s e n t l y  c o n s i s t s  of twelve geograph ica l ly  d i spe r sed  ground s t a t i o n s .  A network c o n t r o l  c e n t e r  and mission 
c o n t r o l  c e n t e r  complex a r e  l oca t ed  a t  t h e  GSFC whiob has t h e  f i e l d  c e n t e r  mnagement r e s p o n s i b i l i t y  f o r  t h e  network. 
Separa te  c o n t r a c t s  exist f o r  network l o g i s t i c  suppor t ,  t h e  maintenance and ope ra t ion  of t h e  miss ion  c o n t r o l  c e n t e r  
complex and f o r  ope ra t i on  of t h e  network c o n t r o l  c e n t e r .  

These g l o b a l  f a c i l i t i e s  have t h e  c a p a b i l i t y  t o  e l e c t r o n i c a l l y  t r a c k  t h e  s p a c e c r a f t ,  send commnds f o r  spacec ra f t  and 
experiment c o n t r o l  purposes,  receive engineer ing  and s c i e n t i f i c  data  from t h e  s p a c e c r a f t ,  and i n  t h e  c a s e  of manned 
f l i g h t s ,  main ta in  v o i c e  communications f o r  crew s a f e t y  and o t h e r  p r o j e c t  r e l a t e d  purposes. 

I n  a d d i t i o n  t o  t h e  o p e r a t i o n a l  f a c i l i t y  a t  t h e  GSFC, e leven  land s t a t i o n s  a r e  l oca t ed  a t  Fairbanks,  Alaska; Goldstone,  
C a l i f o r n i a ;  Merritt I s l a n d ,  F l o r i d a ;  K a u a i ,  Hawaii; Guam; Ascension I s l a n d ;  Canberra, A u s t r a l i a ;  Bermuda; Santiago,  
Chi le ;  Quito,  Ecuador; and Madrid, Spain. Separa te  ope ra t i ons  c o n t r a c t s  e x i s t  f o r  t h e  Aus t r a l i an ,  Chilean,  and Spanish 
s i tes  wi th  t h e  ba l ance  of network ope ra t ions  and nraintenance covered i n  s i n g l e  procurement e f f o r t .  A t r a n s p o r t a b l e  
s t a t i o n  i s  loca t ed  near NASA's Dryden F l igh t  Research Center (DFRC), C a l i f o r n i a ,  f o r  support  of t h e  S h u t t l e  program. 
Add i t i ona l  small t r a n s p o r t a b l e  s t a t i o n s  a r e  l oca t ed  a t  New Smyrna Beach, F l o r i d a ,  and Tula Peak, New Mexico, f o r  support  
of t h e  e a r l y  S h u t t l e  missions.  
opera ted  a s  p a r t  of t h e  STDN. 

An engineering test and network system t r a i n i n g  f a c i l i t y  a t  GSFC is a l s o  maintained and 
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The STDN has  provided support  t o  approximately f o r t y- f i v e  autornated a p p l i c a t i o n s  and space s c i e n c e  spacec ra f t  during 
t h e  pas t  year .  Examples of s i g n i f i c a n t  missions be ing  supported i n c l u d e  Iandsat-2 and -3, t h r e e  Appl ica t ions  Technology 
Sate l l i tes  (ATS-1, -3, and - 5); So la r  Mximum Mission;  two High Energy Astronomy Obsema to r i e s  (HEAO-2 and - 3 ) ;  
Atmosphere Explorer  (AE-5); Nimbus-5 -6, and - 7;  t h e  I n t e r n a t i o n a l  Sun-Earth Explorers  (ISEE-1, - 2,  and - 3 ) ;  and t h e  
I n t e r n a t i o n a l  U l t r a v i o l e t  Explorer  ( I U V ) .  Upcoming missions t o  b e  supported by  t h e  network inc lude  t h e  Space Telescope,  
t h e  D y n a m i c s  Explorer  mission,  t h e  Gamma Ray Observatory, and t h e  Space S h u t t l e  o r b i t a l  f l i g h t  tests .  The o v e r a l l  
spacec ra f t  support  workload of the STDN i s  p ro j ec t ed  t o  average  approximately f o r t y  spacec ra f t  during 1982. 

CHAIWGES FROM FY 1981 BUDGET ESTIMATE: 

The dec rease  of $2.9 m i l l i o n  a s  a r e s u l t  of t h e  g e n e r a l  r educ t ion  t o  FY 1981 a p p r o p r i a t i o n s  w i l l  r e s u l t  i n  t h e  c l o s u r e  

Support r educ t ions  were a l s o  made a t  o t h e r  
of t e l eme t ry  l i n k s  a t  Alaska and t h e  Network T e s t  and Training F a c i l i t y ,  a one s h i f t  r educ t ion  a t  t h e  s t a t i o n  i n  
Hawaii, and t h e  conso l ida t ion  of mission c o n t r o l  a c t i v i t y  f o r  HEAO-2 and -3. 
c o n t r o l  f a c i l i t i e s .  The c l o s u r e  and s h i f t  r educ t ion  w i l l  impact support  be ing  g iven  t o  s e v e r a l  f l i g h t  p r o j e c t s .  

BASIS OF FY 1982 ESTIMATE: 

The FY 1982 funding requirements  f o r  t h e  STDN ope ra t ions  provide f o r  t h e  maintenance and ope ra t ion  of t h e  network and 
c o n t r o l  c e n t e r  f a c i l i t i e s ,  inc luding  s t a f f i n g  and t r a i n i n g  a c t i v i t i e s  i n  p repa ra t i on  f o r  t h e  i n i t i a t i o n  of TDRSS 
services i n  FY 1983. Also provided f o r  a r e  t h e  r e l a t e d  l o g i s t i c s ,  network p lanning ,  schedul ing ,  documentation, and 
computer programming c o s t s  a s s o c i a t e d  wi th  t h e  around- the-clock ope ra t ion  of t h e  network. 

The r eques t  i n  FY 1982 i s  based upon a s u b s t a n t i a l  support  workload requirement;  i n  p a r t i c u l a r ,  support  of t h e  high 
p r i o r i t y  S h u t t l e  o r b i t a l  f l i g h t  tests inc luding  r e c e n t l y  i d e n t i f i e d  a i r  t o  ground v o i c e  requi rements ,  p r epa ra t i on  and 
i n i t i a l  ope ra t i on  of t h e  Landsat-D t r a n s p o r t a b l e  ground s t a t i o n ,  recovery and l o g i s t i c s  support  backlog from t h e  FY 1981 
cons t r a ined  level ,  and t h e  conso l ida t ion  and r e s t r u c t u r i n g  of support  c o n t r a c t s  a t  t h e  Goddard Space F l igh t  Center.  
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1981 1982 
1980 Budget Current Budget 

Actual E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s  ) 

Deep space  network operations.......................... 58,020 54,100 56,000 64,600 

OBJECTIVES rn STATUS: 

The primary f u n c t i o n  of  t h e  Deep Space Network (DSN) i s  t o  suppor t  p l a n e t a r y  and i n t e r p l a n e t a r y  s p a c e f l i g h t  
miss ions .  The DSN p rov ides  t h e  v i t a l  two-way communication l i n k  by which t h e  d i s t a n t  s p a c e c r a f t  are c o n t r o l l e d  and 
s c i e n t i f i c  d a t a  are acquired.  A s  t h e  p l a n e t a r y  miss ions  become more complex and f l i g h t  d i s t a n c e s  con t inue  t o  i n c r e a s e ,  
t h i s  network r e q u i r e s  systems sof tware  and o p e r a t i o n a l  techniques  t h a t  push t h e  s t a te- of- the- ar t  i n  telecommunications. 

The DSN s t a t i o n s  are l o c a t e d  a t  Goldstone,  C a l i f o r n i a ;  Canberra,  A u s t r a l i a ;  and Madrid, Spain. The s t a t i o n s  c o n s i s t  
of one 64-meter, one 26-meter, and one 34-meter diameter  antenna a t  each l o c a t i o n .  The t h r e e  l o c a t i o n s  are 
approximately 120 degrees  a p a r t  i n  l o n g i t u d e  and permit  cont inuous viewing of t h e  p l a n e t a r y  s p a c e c r a f t .  A c e n t r a l i z e d  
c o n t r o l  c e n t e r  f o r  t h e  network i s  l o c a t e d  a t  t h e  Jet Propuls ion Laboratory (JPL) i n  Pasadena, C a l i f o r n i a .  JPL has  f i e l d  
management r e s p o n s i b i l i t y  € o r  t h e  network. Separa te  c o n t r a c t s  e x i s t  f o r  t h e  o p e r a t i o n  of t h e  A u s t r a l i a n ,  Spanish,  and 
Goldstone sites. The c o n t r a c t  f o r  t h e  Goldstone s t a t i o n  a l s o  inc ludes  network suppor t  ac t iv i t i e s  and o p e r a t i o n  of t h e  
network c o n t r o l  c e n t e r  a t  t h e  JPL. 

The c u r r e n t  workload i n  t h e  DSN c o n s i s t s  of seven ongoing Pioneer  s p a c e c r a f t  (Pioneer  6-11 and Pioneer  Venus), t h e  
Viking 1 Mars Lander, one Hel ios  miss ion,  and two Voyager s p a c e c r a f t .  Support of  t h e s e  miss ions  w i l l  con t inue  dur ing 
FY 1982. 

The DSN provided e x c e l l e n t  suppor t  t o  t h e  r e c e n t  Voyager I encounter  of  Saturn.  The Voyager I Sa turn  encounter  
re tu rned  over  1 7  thousand images through t h e  DSN u t i l i z i n g  arrayed antenna technique which had p rev ious ly  been t e s t e d  b y  
t h e  Voyager f l y b y  of  J u p i t e r  and Pioneer  11 f l y b y  of Saturn.  Plans  f o r  Voyager I1 i n c l u d e  a Sa turn  encounter  i n  August 
O f  1981. 

Of t h e  o l d e r  Pioneer  s p a c e c r a f t ,  Pioneer 10 i s  over  3.3 b i l l i o n  k i lomete rs  from Ear th  and i s  proceeding on a pa th  t h a t  
w i l l  t a k e  i t  beyond t h e  s o l a r  system. Pioneer 10 con t inues  t o  b e  t h e  most d i s t a n t  man-made o b j e c t  communicated wi th  and 
each time d a t a  i s  rece ived  by t h e  DSN, a new communications record  i s  e s t a b l i s h e d .  
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The Pioneer  11 s p a c e c r a f t ,  some 1.5 b i l l i o n  k i lomete r s  from Ear th ,  i s  being t r acked  a s  i t  proceeds on a pa th  t ak ing  i t  
out of t h e  s o l a r  system. 
miss ions  a r e  cont inuing t h e i r  o r b i t  about  t h e  Sun and t h e  Viking l a n d e r  con t inues  t o  g a t h e r  s c i e n c e  da ta  from mrs .  

The Pioneer  6-9 s p a c e c r a f t  a r e  provided suppor t  during s o l a r  conjunct ions .  The two Hel ios  

The DSN f a c i l i t i e s  a r e  a l s o  used on a non- interference  b a s i s  f o r  ground-based measurements i n  suppor t  of experiements 
i n  p l a n e t a r y  r a d a r  mapping and i n  t h e  f i e l d  of r a d i o  astronomy. 
a n  a t t empt  t o  l e a r n  more about t h e  mysterious p u l s a r  h igh energy sources ,  quasars, and o t h e r  i n t e r s t e l l a r  phenomena. 

The u l t r a s e n s i t i v e  network an tennas  a r e  being used i n  

In a d d i t i o n  t o  t h e  a c t i v i t i e s  a s s o c i a t e d  wi th  t h e  network modi f i ca t ions  and suppor t  c i t e d  above,  t h e  DSN workload 

This  support  p r e p a r a t i o n  invo lves  thorough and complex 
i n c l u d e s  p r e p a r a t i o n  f o r  s e v e r a l  f u t u r e  miss ions  inc lud ing  t h e  two I n t e r n a t i o n a l  So la r  Po la r  Spacecraf t  (North and 
South) ,  and t h e  two G a l i l e o  s p a c e c r a f t  ( o r b i t e r  and probe) .  
t e s t i n g ,  t r a i n i n g ,  and engineer ing (both hardware and so f tware ) .  The a c t i v i t i e s  must b e  c a r r i e d  out s imul taneously  wi th  
t h e  e x t e n s i v e  and continuous ongoing Deep Space Network suppor t  workload, and must b e  done i n  such a way a s  t o  cause 
minimum d i s r u p t i o n  t o  ongoing f l i g h t  p r o j e c t  suppor t .  

CEIANGES FBOH FY 1981 BUDGET ESTIMATE: 

The i n c r e a s e  of $1.9 m i l l i o n  i n  t h e  FY 1981 level i s  due t o  h igher  than  es t ima ted  e s c a l a t i o n  a t  t h e  overseas  t r a c k i n g  
s t a t i o n s  and a t  t h e  Jet Propuls ion Laboratory,  and f o r  s p e c i a l i z e d  support  f o r  t h e  r e c e n t  Voyager Saturn  encounter.  

BASIS OF Fp 1982 ESTIMATE: 

The DSN o p e r a t i o n s  funding provides  f o r  t h e  maintenance and opera t ion  of t h e  network f a c i l i t i e s ,  c o n t r o l  c e n t e r ,  and 
t h e  suppor t  and engineer ing e f f o r t  a s s o c i a t e d  wi th  t h e  opera t ion  of t h e  network. 
r e s p o n s i b i l i t y  f o r  t h e  network, t h e r e  a r e  s e p a r a t e  c o n t r a c t s  e s t a b l i s h e d  under i n t e r n a t i o n a l  agreements f o r  o p e r a t i o n s  
of t h e  t r a c k i n g  f a c i l i t i e s  i n  Spain and A u s t r a l i a .  
i nc lud ing  t h e  Voyager miss ions ,  t h e  Pioneer  6-1 1 missions ,  t h e  Pioneer-Venus extended miss ion,  and t h e  Viking Lander 
extended mission.  The i n c r e a s e  between N 1981 and FY 1982 i s  due p r i n c i p a l l y  t o  e s c a l a t i o n ,  p a r t i c u l a r l y  a t  t h e  
overseas s t a t i o n  l o c a t i o n s .  

While t h e  JPL has management 

The funds requested f o r  FY 1982 a r e  based upon t h e  ongoing workload, 
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Aeronautics  and sounding rocket  
suppor t  operations................................... 

OBJECTIVES AND STATUS: 

1981 1982 
1980 Budg et  Current Budget 

(Thousands of Do l l a r s )  
Estimate Actua 1 E s t  im  t e Est imate 

4,830 5,500 5,500 6,800 

Fixed and mobile  i n s t rumen ta t ion  systems a r e  maintained a n c  opera ted  t o  suppor t  sounding rocke t ,  b a l l o o n ,  spacec ra f t  , 
and a e r o n a u t i c a l  programs conducted by  t h e  Wallops F l igh t  Center (WFC) and t h e  a e r o n a u t i c a l  f l i g h t  r e sea rch  programs of 
t h e  Dryden F l i g h t  Research Center (DFRC). These i n s t rumen ta t ion  systems i n c l u d e  r a d a r ,  t e l eme t ry ,  da ta  process ing ,  da t a  
handl ing ,  and communications systems a s  w e l l  a s  s p e c i a l  .purpose o p t i c a l  equipment. 

The sounding rocket  program cont inues  t o  b e  a n  a c t i v e  program wi th  over 285 launches i n  CY 1980, t h e  ma jo r i t y  of  which 
were conducted a t  WFC. I n  a d d i t i o n ,  t h e r e  were wer t h i r t y  ba l loon  f l i g h t s  during t h e  same per iod .  This e f f o r t  t ends  
t o  remain more o r  less cons tan t  from year  t o  year  and no dramatic  changes a r e  a n t i c i p a t e d  i n  t h e  near  f u t u r e .  A t  t h e  
WFC, t h e  a e r o n a u t i c a l  programs a r e  p r i m a r i l y  r e l a t e d  t o  i n v e s t i g a t i o n  of a i r c r a f t  handling c h a r a c t e r i s t i c s ,  advanced 
c o n t r o l  and d i s p l a y  concepts ,  s p i n  and s t a l l  tests,  t e rmina l  a r ea  guidance and t r a f f i c  c o n t r o l  systems,and n o i s e  
s t u d i e s .  Over 200 missions were conducted dur ing  1980. I n  a d d i t i o n  t o  support  of sounding r o c k e t ,  b a l l o o n ,  and 
a e r o n a u t i c a l  programs, i n s t rumen ta t ion  a t  WFC w i l l  b e  u t i l i z e d  t o  support  t h e  S h u t t l e  o r b i t a l  f l i g h t  tests (OFT). 

DFRC o p e r a t e s  t h e  a e r o n a u t i c a l  test range which pravides  r a d a r ,  t e l eme t ry  and communications support  f o r  t h e  
performance of a i r c r a f t  r e sea rch  and development programs f o r  bo th  NASA and t h e  A i r  Force. A v a r i e t y  of programs a r e  
conducted involv ing  high performance a i r c r a f t ,  such a s  t h e  F-111, F-14, F-15, F-104, F-8, and r e sea rch  vehicles such a s  
t h e  T i l t  Rotor Research A i r c r a f t  , Highly Fbnewerab le  A i r c r a f t  Technology (HIMAT), Drones f o r  Aerodynamic and S t r u c t u r a l  
Test ing (DAST), and o t h e r  remotely c o n t r o l l e d  c r a f t .  
a c q u i s i t i o n  suppor t  of t h e  S h u t t l e  OFT i s  planned a t  DFRC dur ing  FY 1981 and FY 1982. Over 250 a e r o n a u t i c a l  r e sea rch  
missions were supported a t  DFRC during CY 1980. 

DFRC i s  t h e  prime landing s i t e  f o r  STS-1 and t r ack ing  and data 

BASIS OF FY 1982 ESTIMATE: 

The FY 1982 funding requirements  provide  engineer ing  and t e c h n i c i a l  s e r v i c e s  f o r  maintenance and ope ra t ion  of  f i x e d  
and mobile  r a d a r ,  t e l eme t ry  communications, da ta  handling and processing equipment and f a c i l i t i e s  t o  support  t h e  ongoing 
sounding rocket  and b a l l o o n  programs and t h e  a e r o n a u t i c a l  r e sea rch  a c t i v i t i e s .  The i n c r e a s e  i n  FY 1982 wer FY 1981 i s  
due t o  e s c a l a t i o n  and sof tware  program conversion a s s o c i a t e d  wi th  t h e  new impact p r e d i c t i o n  system being procured f o r  
Wallops F l i g h t  Center (WFC). 
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1981 1982 
Budget 1980 Budget Current 

Actua 1 E s t i m a t e  E s t  im  t e Est imate  
(Thousands of D o l l a r s )  

Communications o p e r a t i o n s  .............................. 35,130 39,300 37,400 41,200 

OBJECTIVES m STATUS: 

NASA's g l o b a l  communications network (NASCOM) , i n t e r c o n n e c t s  wi th  t h e  t r a c k i n g  and data a c q u i s i t i o n  f a c i l i t i e s  by 
means of l e a s e d  v o i c e  band and data  c i r c u i t s  support  t o  a l l  f l i g h t  p r o j e c t s .  NASCOM a l s o  l i n k s  such f a c i l i t i e s  a s  
launch a r e a s ,  test si tes,  and miss ion c o n t r o l  c e n t e r s .  GSFC o p e r a t e s  t h e  NASCOM and s e r v e s  a s  i t s  major switching 
c o n t r o l  p o i n t .  I n  t h e  i n t e r e s t  of economy, r e l i a b i l i t y ,  and f u l l  u t i l i z a t i o n  of t runk  c i r c u i t r y ,  subswitching c e n t e r s  
have been  e s t a b l i s h e d  a t  key domestic and Overseas l o c a t i o n s .  

The NASA f l i g h t  p r o j e c t s  r e q u i r e  t h e  t r a n s f e r  of data  between t h e  miss ion c o n t r o l  c e n t e r s  and t h e  t r a c k i n g  s i tes  
because of t h e  need f o r  real-time c o n t r o l  of t h e  s p a c e c r a f t  and on-board experiments.  I n  a d d i t i o n ,  t h e r e  i s  a 
requirement t o  provide experiment data  e x p e d i t i o u s l y  t o  t h e  u s e r s  f o r  a n a l y s i s .  

I n  o r d e r  t o  m e e t  h igh data  t r a n s f e r  r a t e  requirements ,  NASA h a s  made and con t inues  t o  make use  of d i g i t a l  techniques  
i n  p r w i d i n g  communications suppor t .  The a v a i l a b i l i t y  of t h i s  technology a l l o w s  f o r  a g r e a t e r  amount of data t o  b e  s e n t  
Over convent ional  communication c i r c u i t s .  Also, c i r c u i t s  capable  of  t r a n s f e r r i n g  data  a t  i n c r e a s i n g l y  h i g h e r  r a t e s  
con t inue  t o  become a v a i l a b l e  from t h e  common c a r r i e r s  a t  r easonab le  c o s t s .  Consequently, t h e  techniques  of sending da ta  
d i r e c t l y  from a s p a c e c r a f t ,  through a t r a c k i n g  s t a t i o n  without  manipulat ion,  t o  a miss ion o r  p r o j e c t  c o n t r o l  c e n t e r  have 
become economically a t t r a c t i v e  and a r e  used e x t e n s i v e l y  i n  NASCOM. This  approach,  r e f e r r e d  t o  i n  t h e  communications 
f i e l d  a s  a "bent pipe" mode, s i m p l i f i e s  t h e  data  handling systems a t  t h e  t r a c k i n g  s t a t i o n s ,  the reby  minimizing t h e  
o p e r a t i o n  and maintenance a c t i v i t i e s  a t  t h o s e  l o c a t i o n s .  

CEANGES FRgi FY 1981 BUDGET ESTIMATE: 

The decrease  i n  FY 1981 funding level r e s u l t e d  from a r a t e  reduc t ion  f o r  c i r c u i t s  t o  A u s t r a l i a ,  and t h e  impact of t h e  
Congressional r educ t ion  which w i l l  de lay  implementing wideband c i r c u i t s  t o  A u s t r a l i a  f o r  S h u t t l e ,  and de lay  b r i n g i n g  up 
t h e  wideband c i r c u i t s  f o r  t h e  TDRSS. 

RD 12-10 



BASIS OF FY 1982 ESTIMATE: 

The FY 1982 funding requirements  f o r  communications ope ra t ions  w i l l  p rovide  f o r  t h e  c i r c u i t s  and service r equ i r ed  t o  
o p e r a t e  and main ta in  the  NASCOM. The i n t e r n a t i o n a l  communications s a t e l l i t e s  and cab le s  w i l l  cont inue  t o  b e  used f o r  
ex t ens ion  of d i g i t a l  wideband services t o  a l l  t h e  werseas t r ack ing  s t a t i o n s .  
terrestrial networks w i l l  cont inue  t o  service t h e  c o n t i n e n t a l  United S t a t e s  s t a t i o n s .  These services w i l l  provide f o r  
rea l- t ime t r a n s f e r  of da ta  f o r  a l l  ongoing f l i g h t  programs. The major i n c r e a s e s  i n  FY 1982 a r e  due t o  t h e  a c t i v a t i o n  
and test of a n  up t o  50 MBS d i g i t a l  wideband service from t h e  TDRSS f a c i l i t y  a t  White Sands t o  bo th  t h e  Goddard Space 
F l i g h t  Center  (GSFC) and Johnson Space Center (JSC) i n  support  of Spacelab and Landsat-D h igh  da ta  r a t e  requi rements ,  
t h e  a c t i v a t i o n  of a Tandsat-D communications l i n k  from the Ind ian  Ocean a r e a ,  and cos t  e s c a l a t i o n .  

The domestic s a t e l l i t e  systems and 

1981 1982 
1980 Budget Current Budget 

Actual  Es t i rmte  Est imate Es t i rmte  
(Thousands of D o l l a r s )  

46,700 h t a  process ing  ope ra t ions  ............................ 35,890 37,800 37,800 

OBJECTIVES Am STATUS: 

Informat ion  rece ived  i n  t h e  form of t r ack ing  and t e l eme t ry  da ta  from t h e  v a r i o u s  spacec ra f t  must b e  processed i n t o  a 
usable  form b e f o r e  t r a n s f e r  t o  c o n t r o l  c e n t e r s  and experimenters .  This t r a n s f o r m t i o n  and computation process  i s  
performed a s  p a r t  of t h e  da ta  processing f u n c t i o n  and a p p l i e s  t o  a wide v a r i e t y  of programs, ranging from t h e  small 
Explorer  satell i tes t o  l a r g e  and complex so l a r / a s t ronomica l  obse rva to r i e s  and t h e  Landsat sa te l l i tes .  

Tracking da ta  i s  processed t o  provide  o r b i t a l  in format ion  which i s  used t o  compute spacec ra f t  pos i t i on .  This  i s  
e s s e n t i a l  f o r  t h e  real-time c o n t r o l  of s p a c e c r a f t ,  f o r  determining when t h e  spacec ra f t  w i l l  b e  passing Over t h e  s t a t i o n s  
so da ta  can  be  acqu i r ed ,  and f o r  providing p r e c i s e  i n f o m t i o n  that can b e  used by  t h e  s c i e n t i f i c  experimenters  t o  
determine where i n  t h e  t r a j e c t o r y  of t h e  spacec ra f t  t h e  s c i e n t i f i c  measurements w e r e  made. Telemetry data  must b e  
processed t o :  ( a )  s e p a r a t e  t h e  informat ion  obta ined  from v a r i o u s  s c i e n t i f i c  experiments  aboard t h e  s p a c e c r a f t ;  (b) 
c o n s o l i d a t e  informat ion  f o r  each experiment; ( c )  determine spacec ra f t  a t t i t u d e ;  and (d) c o r r e l a t e  t h e s e  measurements 
w i th  t h e  p o s i t i o n  da t a .  Processed data i s  t h e  primary product of t h e  spacec ra f t  miss ions  and i t  i s  through r educ t ion  
and a n a l y s i s  of t h i s  da ta  by  t h e  experimenters  that  t h e  planned o b j e c t i v e s  a r e  achieved.  

I n  a d d i t i o n  eo t h e  a c t u a l  processing of t h e  d a t a ,  upcoming p r o j e c t s  r e q u i r e  e x t e n s i v e  prelaunch o r b i t  a n a l y s i s  
inc luding  spacec ra f t  p o s i t i o n  and a t t i t u d e  p r e d i c t i o n s .  Analyses a r e  a l s o  r equ i r ed  t o  develop o p e r a t i o n a l  sequences and 
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procedures t o  b e  used during t h e  a c t u a l  ope ra t i on  of t h e s e  complex s p a c e c r a f t .  (1) 
t h e  f i n a l  checkout and acceptance  of t h e  o p e r a t i o n a l  o r b i t  support  sof tware  f o r  STS-1 launch i n  e a r l y  1981 and ( 2 )  t h e  
a n a l y s i s  and development of t h e  o p e r a t i o n a l  a t t i t u d e  sof tware  f o r  support  of t h e  Dynamic Explorer  miss ion  t o  b e  launched 
i n  l a te  1981. 

Examples of t h e s e  a c t i v i t i e s  a r e :  

A s  p a r t  of t h e  da ta  process ing  a c t i v i t i e s ,  t h e r e  i s  a g r e a t  d e a l  of e f f o r t  r equ i r ed  t o  process  o r i g i n a l  o r  raw 
informat ion  rece ived  from t h e  on-board experiments. Two f a c i l i t i e s ,  t h e  Image Processing F a c i l i t y  (IPF) and t h e  
Telemetry On-Line Processing System (TELOPS) have been  e s t a b l i s h e d  a t  t h e  Goddard Space F l i g h t  Center  t o  process  
d i f f e r e n t  t ypes  of raw experimental  d a t a .  

The IPF, i n i t i a l l y  e s t a b l i s h e d  t o  handle  imagery da ta  from t h e  Ear th  Resources Technology S a t e l l i t e  (Landsat-11, now 
suppor t s  t h e  second and t h i r d  Landsat s p a c e c r a f t .  These spacec ra f t  a r e  supported wi th  a new a l l  d i g i t a l  system using 
computer compatible  t a p e s  which reduce t h e  t i m e  requi red  t o  provide  da ta  t o  u se r s .  
f a c i l i t y  i s  expected t o  cont inue  through t h e  next s e v e r a l  yea r s  f o r  support  of t h e  c u r r e n t l y  o p e r a t i o n a l  o r  approved 
programs. 

The o p e r a t i o n a l  requirement f o r  t h i s  

The Telemetry Processing F a c i l i t y  which handles  t h e  convent iona l ,  nonimagery da ta  was reconf igured  i n  FY 1978 a s  t h e  
Telemetry On-Line Processing System. This  r econ f igu ra t ion  r e s u l t e d  i n  a change from a tape- or ien ted  system t o  a n  
automated on- line e l e c t r o n i c  mass s t o r a g e  system. TELOPS receives s a t e l l i t e  da t a  i n  d i g i t a l  form from t h e  t r ack ing  
s t a t i o n s  v i a  NASCOM communication l i n e s  and i s  a b l e  t o  e l e c t r o n i c a l l y  s t o r e  l a r g e  volumes of t e l eme t ry  d a t a ,  t h u s  
e l imina t ing  most of t h e  t a p e  and t a p e  handling opera t ions .  Phintenance and o p e r a t i o n s  support  f o r  t h e  image and non- 
image da ta  process ing  f a c i l i t i e s  i s  p r w i d e d  by  a s i n g l e  con t r ac to r .  There a r e  two o t h e r  c o n t r a c t s  under which so f tware  
development and maintenance i s  provided f o r  new systems a long  wi th  so f tware  f o r  o r b i t  computation, a t t i t u d e  
de termina t ion ,  f l i g h t  maneuvers, schedul ing ,  and mission s imu la t ion  suppor t .  

BASIS OF FY 1982 ESTIMATE: 

The FY 1982 budget reques t  i n c l u d e s  funds t o  ope ra t e  t h e  IPF and t h e  TELOPS t o  process  da ta  froni c u r r e n t l y  o r b i t i n g  
sa te l l i tes ,  and from sate l l i tes  scheduled t o  b e  launched during t h e  per iod .  The requirements  €or  t h e  a c q u i s i t i o n  and 
processing of da t a  from t h e  o l d e r  s a t e l l i t e s  a r e  under continuing review a s  support  f o r  o l d e r  miss ions  i s  te rmina ted  o r  
c u r t a i l e d  a s  mission o b j e c t i v e s  a r e  achieved  o r  when t h e  experiment da ta  i s  no longer  u s e f u l  o r  cos t  e f f e c t i v e  t o  
a c q u i r e  and process .  

Software development a c t i v i t i e s  a r e  cont inuing  o r  w i l l  b e  i n i t i a t e d  i n  support  of upcoming space  s c i e n c e  and 
a p p l i c a t i o n s  miss ions  such a s  Space Telescope, Cosmic Background Explorer  and t h e  Gam Ray Observatory. These 
a c t i v i t i e s  cwer spacec ra f t  o r b i t  and a t t i t u d e  c o n t r o l  so f tware  and r e l a t e d  da t a  processing a c t i v i t i e s  which r e q u i r e  FY 
1982 funding.  Software e f f o r t  i s  a l s o  r equ i r ed  t o  develop t h e  necessary  programs t o  accommodate spacec ra f t  which w i l l  
o p e r a t e  t h e  Tracking and Data Relay S a t e l l i t e  System. 
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Funding i n c r e a s e s  a r e  r equ i red  t o  cont inue  t h e  c o n s o l i d a t i o n  and r e s t r u c t u r e  of t h e  support  c o n t r a c t s  a t  GSFC f o r  t h e  
a c t i v i t i e s  c a r r i e d  out under t h i s  program. There i s  a l s o  a requirement i n  FY 1982 €or  p a r a l l e l  o p e r a t i o n  of computer 
systems that a re  being rep laced  whi l e  t h e  new equipment is be ing  t e s t e d  and accepted .  
f o r  improvement t o  t h e  o p e r a t i o n a l  r e l i a b i l i t y  of t h e  Image Processing F a c i l i t y .  

Add i t iona l ly ,  funds a r e  inc luded 
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SYSTEMS IMPLEMENTATION 

MSIS OF FY 1982 FUNDING REQUIREMENTS: 

The o b j e c t i v e s  of t h e  NASA t r ack ing  and da ta  systems implementation program a r e  t o  main ta in  t h e  e x i s t i n g  ground 
support  c a p a b i l i t y  a t  a h igh  level of p r o f i c i e n c y  and r e l i a b i l i t y  i n  o rde r  t o  meet t h e  agg rega t e  support  needs of t h e  
many and  v a r i e d  space miss ions ,  and t o  provide  augmentat ion t o  t h i s  c a p a b i l i t y ,  a s  necessary ,  t o  m e e t  t h e  s p e c i a l  
requirements  of i n d i v i d u a l  f l i g h t  p r o j e c t s .  These ground support  systems c o n s i s t  of t h e  t r ack ing  and communications 
networks, c o n t r o l  c e n t e r s ,  da t a  process ing  f a c i l i t i e s  and a e r o n a u t i c s  and sounding rocket  ins t rumenta t ion .  The systems 
implementation program encompasses t h e  engineer ing ,  des ign  and procurement of t h e  necessary  equipment, subsystems, and 
systems i n  response t o  t h e  requirements  of t h e  v a r i o u s  f l i g h t  miss ions  and o t h e r  r e sea rch  p r o j e c t s .  
r e l a t e d  documentation and b a s i c  so f tware ,  t h e  purchase of l a r g e  module s p a r e s ,  and t h e  acceptance  t e s t i n g ,  i n t e g r a t i o n  
and checkout of equipment. 

It a l s o  i nc ludes  

FY 1982 funding i s  needed t o  main ta in  t h e  o p e r a t i o n a l  p ro f i c i ency  and r e l i a b i l i t y  of network systems through t h e  
replacement of obso le t e  and worn out equipment. Modif ica t ion  and augmentat ion of e x i s t i n g  systems a r e  a l s o  necessary  t o  
main ta in  compa tab i l i t y  w i th  changes i n  a s s o c i a t e d  on-board spacec ra f t  communications systems and t o  improve t h e  
u t i l i z a t i o n  and e f f i c i e n c y  of network systems. I n  a d d i t i o n ,  FY 1982 funds a r e  r equ i r ed  t o  cont inue  t h e  implementat ion 
of new c a p a b i l i t i e s  f o r  upcoming miss ions ,  i nc lud ing  t h e  I n t e r n a t i o n a l  So la r  P o l a r  Mission, Ga l i l eo ,  Space Telescope, 
Gam Ray Obsematory ,  S h u t t l e ,  Spacelab, and t h e  Venus Orbi t ing  Imaging Radar mission.  Implemention a c t i v i t i e s  
con t inue  a t  t h e  network c o n t r o l  c e n t e r  and t h e  NASA ground t e rmina l  a t  White Sands, New Mexico, and  wi th  o t h e r  TDRSS 
r e l a t e d  systems i n  p r e p r a t i o n  f o r  t h e  i n i t i a t i o n  of TDRSS s e r v i c e  i n  FY 1983. 

Funds a r e  inc luded  a s  p a r t  of a phased program f o r  t h e  conso l ida t ion  of t h e  remaining STDN c o r e  s t a t i o n s  w i th  t h e  DSN 
s t a t i o n s  and f o r  t h e  augmentat ion necessary  t o  provide  a n  imaging c a p a b i l i t y  f o r  t h e  Voyager Uranus encounter  i n  January 
1986- 

1980 
A c t u a l  

Spacef l igh t  t r ack ing  and da ta  network.. ................ 19,320 
Deep space network..................................... 15,000 
Aeronautics  and sounding rocket  support . .  .............. 3,850 
Communications systems implementation .................. 5,030 
Data p r o c e s s i n g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13,900 

Total................................................ 57,100 

1981 
Budget Current 

E s t  i- t e E s t i m a t e  
(Thousands of D o l l a r s )  

22,600 20,700 
23,100 23,100 
4,100 3,500 
5,600 3,100 
12,300 12,3 00 

67,700 62,700 

1982 
Buds et Page 

E s t i m a t e  NO 

25,100 RD 12-15 
43,600 RD 12-17 
8,000 RD 12-19 
6,900 RD 12-20 

29,300 RD 12-21 

112,900 

RD 12-14 



1981 1982 
1980 Budget Current Budget 

(Thousands of D o l l a r s  ) 
E s t i m a t e  A c t u a l  E s t i m a t e  E s t i m a t e  

Spacef l igh t  t r ack ing  and da t a  network 
25,100 systems implementation............................... 19,320 22,600 20,700 

OIUECTIVES Am STATUS: 

The s p a c e f l i g h t  t r ack ing  and data network systems implementation program encompasses t h e  procurement and 
implementation of systems and s e r v i c e s  t o  s u s t a i n  network f a c i l i t i e s  and equipment t o  i n s u r e  r e l i a b l e  support  of ongoing 
s c i e n t i f i c  and a p p l i c a t i o n s  s a t e l l i t e  miss ions ,  t o  p r w i d e  t h e  necessary  network and c o n t r o l  c e n t e r  c a p a b i l i t i e s  t o  
perform t h e  r equ i r ed  c o n t r o l ,  t r a c k i n g ,  command, and data a c q u i s i t i o n  func t ions  i n  support  of a l l  NASA Earth o r b i t a l  
miss ions ,  and t o  meet new support  requirements  f o r  spacec ra f t  t o  b e  launched i n  t h e  near  f u t u r e .  Implementation of 
t h e s e  c a p a b i l i t i e s  i s  v i t a l  t o  t h e  succes s  of NASA's s p a c e f l i g h t  miss ions .  

Employing systems implemented i n  pas t  y e a r s ,  t h e  network i s  c u r r e n t l y  suppor t ing  many miss ions  wi th  h igh ly  complex 
requirements  f o r  t r ack ing ,  da ta  a c q u i s i t i o n ,  command and c o n t r o l .  Network and c o n t r o l  c e n t e r  systems a r e  i n  t h e  f i n a l  
s t a g e s  of implementation and test f o r  upcoming new miss ions  such a s  t h e  Space S h u t t l e  o r b i t a l  f l i g h t  test and Dynamic 
Explorers  A and B. 
Space S h u t t l e  o p e r a t i o n a l  f l i g h t s ,  Spacelab, Landsat-D, and t h e  Space Telescope. 

P lans  and procurement a r e  a l s o  underway t o  meet support  requirements  f o r  f u t u r e  missions such a s  t h e  

CHANGES FROM FY 1981 BUDGET ESTIMATE: 

The dec rease  of $1.9M i s  due t o  t h e  Congressional  r educ t ion  i n  FY 1981 r e s u l t i n g  i n  t h e  p a r t i a l  d e f e r r a l  t o  FY 1982 of 
t h e  r econ f igu ra t ion  e f f o r t  f o r  improving t h e  u t i l i z a t i o n  of c o n t r o l  c e n t e r  r e sou rces  and rephasing of t h e  funding f o r  
procurement of the Landsat-D t r a n s p o r t a b l e  ground s t a t i o n .  

BASIS OF FY 1982 ESTIMATE: 

Equipment mod i f i ca t i ons  a r e  r equ i r ed  i n  t h e  network and c o n t r o l  c e n t e r s  i n  FY 1982 t o  main ta in  t h e  r equ i r ed  level of 
p r o f i c i e n c y  t o  support  a d i v e r s e  and demanding workload and t o  a s s u r e  t h e  r e l i a b i l i t y  of the major systems. 
i n g l y ,  funds  a r e  r equ i r ed  t o  r e p l a c e  p o r t i o n s  of  ag ing  systems, f o r  equipment mod i f i ca t i ons  t o  c o r r e c t  o p e r a t i o n a l  
d e f i c i e n c i e s ,  and f o r  equipment t o  b e  used i n  o p e r a t i o n a l  c o n t r o l  of t h e  network. 
procurement of major subsystem s p a r e s ,  f o r  t h e  p r w i s i o n  and modic ia t ion  of test equipment, and f o r  minor equipment 
mod i f i ca t i ons  r e s u l t i n g  from changes i n  support  requirements  from one mission t o  t h e  next .  

Accord- 

The funds reques ted  a l s o  provide  f o r  
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Funds a r e  requested t o  con t inue  t h e  implementation a c t i v i t i e s  a t  t h e  new network c o n t r o l  c e n t e r  (NCC) a t  GSFC. The 
major hardware system has been  d e l i v e r e d  and i n s t a l l e d .  
f o r  t h e  system. 
services f o r  a v a r i e t y  of u s e r s ,  conf igure  t h e  ground t e rmina l  t o  provide  scheduled use r  service, conduct network and 
u s e r  r e a d i n e s s  and c o m p a t i b i l i t y  t e s t i n g ,  and i s o l a t e  component f a i l u r e s .  

The primary focus  dur ing FY 1982 w i l l  b e  t o  complete so f tware  
When f u l l y  implemented t h e  NCC w i l l  manage t h e  i n t e r f a c e  wi th  t h e  TDRSS ground t e rmina l ,  schedule  TDRSS 

I n  a d d i t i o n ,  funds a r e  requested t o  con t inue  implementation of NASA systems a s s o c i a t e d  wi th  TDRSS and t h e  r e l a t e d  
suppor t  a c t i v i t i e s  and services necessary  t o  p repare  f o r  a n  o p e r a t i o n a l  TDRSS. I n s t a l l a t i o n ,  i n t e g r a t i o n  and t e s t i n g  of 
t h e  TDRSS-related b i l a t e r a t i o n  t r a c k i n g  system, mobile c o m p a t i b i l i t y  test v a n s ,  and t h e  NASA p o r t i o n  of t h e  TDRSS ground 
t e r m i n a l  w i l l  b e  completed. 
engineer ing and opera t ions  planning and engineer ing w i l l  b e  provided via  suppor t  c o n t r a c t s .  
t ransponder  power, communications margins,  and i n t e r f e r e n c e  e f f e c t s  a r e  conducted on a cont inuing b a s i s  t o  ensure  
a p p r o p r i a t e  u s e r  support  wi th  t h e  TDRSS. 

Supporting a c t i v i t i e s  t o  a s s i s t  t h e  TDRSS p r o j e c t  management s t a f f  i n  t h e  a r e a s  of systems 
User o r i e n t e d  a n a l y s e s  on 

I n  FY 1982, e f f o r t  w i l l  con t inue  on t h e  des ign  and implementation of t h e  c o n t r o l  c e n t e r  f o r  t h e  rephased Space 
Telescope mission.  This work w i l l  b e  conducted i n  concer t  wi th  t h e  development of t h e  Science I n s t i t u t e  F a c i l i t i e s  t o  
minimize t h e  des ign  c o s t  f o r  b o t h  hardware and so f tware  systems a s  w e l l  a s  t o  f a c i l i t a t e  t e s t i n g  and o t h e r  o p e r a t i o n a l  
a c t i v i t i e s .  
po in t ing  suppor t  , g e n e r a t i o n  of command sequences f o r  t h e  s p a c e c r a f t  computers, and c a l c u l a t i o n  of s p a e c r a f t  a t t i t u d e .  

The funds  requested provide  f o r  procurement of t h e  c o n t r o l  c e n t e r  hardware and so f tware  f o r  t e l e s c o p e  

To e f f i c i e n t l y  and e f f e c t i v e l y  m e e t  t h e  miss ion c o n t r o l  workload i n  t h e  1 9 8 0 ' ~ ~  a new approach t o  c o n t r o l  c e n t e r  
des ign  has been i n i t i a t e d .  
so f tware  t o  m e e t  t h e  requirements of m u l t i p l e  miss ions  wi th  t h e  same equipment. 
i s  t o  permit  t h e  sha r ing  of r e sources  t o  improve equipment u t i l i z a t i o n  and t o  dec rease  t h e  number of so f tware  and 
o p e r a t i o n s  personnel .  I n  FY 1982, t h e  necessa ry  computer and equipment f o r  au tomat ic  c o n f i g u r a t i o n  w i l l  b e  purchased. 

This  approach invo lves  techniques  f o r  r a p i d  c o n f i g u r a t i o n  of c o n t r o l  c e n t e r  equipment and 
The o v e r a l l  o b j e c t i v e  of t h e  new d e s i g n  
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1981 1982 
1980 Budget Current Budget 

A c t u a l  E s t i m a t e  E s t i m a t e  E s t  ima t e 
(Thousands of D o l l a r s )  

Deep space  network systems implementation.  . . . . . . . . . . . . . 15,000 23,100 23, LOO 43,600 

OBJECTIVES m STATUS: 

The r o l e  of t h e  Deep Space Network (DSN) i s  t o  p rov ide  t h e  communication l i n k  between each of NASA's f a r  d i s t a n t  
p l a n e t a r y  and i n t e r p l a n e t a r y  s p a c e c r a f t  and t h e  Earth.  Thus, t h e  DSN i s  r e s p o n s i b l e  f o r  rece iv ing  s c i e n c e  data  from, 
and p r w i d i n g  t h e  command and c o n t r o l  u p l i n k  c a p a b i l i t y  t o  a c o n s t e l l a t i o n  of s p a c e c r a f t  ranging out t o  n e a r l y  3.5 
b i l l i o n  k i l o m e t e r s  from Ear th ,  (an ever- increasing range) .  I n  a d d i t i o n ,  a f t e r  t h e  Tracking and Itata Relay S a t e l l i t e  
System (TDRSS) becomes o p e r a t i o n a l ,  t h e  Deep Space Network w i l l  a l s o  support  s p a c e c r a f t  much c l o s e r  t o  Ear th .  This  new 
set of  s p a c e c r a f t  w i l l  i n c l u d e  h i g h l y  e l l i p t i c a l  Ear th  o r b i t e r s  and synchronous e a r t h  o r b i t a l  miss ions  which w i l l  b e  i n  
o r b i t s  a b w e  t h e  a r e a  supported by TDRSS. 

The systems and f a c i l i t i e s  requ i red  t o  accomplish t h i s  a r e  h igh ly  s p e c i a l i z e d ,  and i n c l u d e  Deep Space s t a t i o n s  wi th  
t h e i r  l a r g e  a p e r t u r e  an tennas  (up t o  64-meter d iamete r ) ,  u t l t r a s e n s i t i v e  receivers, and high power t r a n s m i t t e r s .  
Advanced data  handling systems a r e  requ i red  b o t h  a t  t h e  s t a t i o n s  and i n  t h e  network c o n t r o l  c e n t e r .  

The t h r e e  major o b j e c t i v e s  f o r  t h e  Deep Space Network i n  t h e  1980's can b e  sumarized a s  fol lows:  (1) t o  p r w i d e  
communications channels  t o  s c i e n t i f i c  s p a c e c r a f t  a t  ever- increasing d i s t a n c e s  ( t o  Neptune b y  t h e  end of t h e  decade) and 
t o  p r w i d e  t h e  c a p a b i l i t y  t o  receive c l e a r  images a t  t h e s e  g r e a t  new d i s t a n c e s ;  (2) t o  c o n s o l i d a t e  t h e  a c t i v i t i e s  of t h e  
r e s i d u a l  s p a c e f l i g h t  Tracking and Data Network w i t h  t h e  Deep Space Network a f t e r  TDRSS becomes o p e r a t i o n a l  i n  1984 - 
t h i s  c o n s o l i d a t i o n  w i l l  i n c r e a s e  o p e r a t i o n a l  f l e x i b i l i t y  and reduce w e r a l l  opera t ing  c o s t s ;  and (3) t o  provide support  
f o r  a new set of s p a c e c r a f t  which w i l l  i n c l u d e  h i g h l y  e l l i p t i c a l  Ear th  o r b i t e r s  and synchronous e a r t h  o r b i t a l  miss ions  
(both of which types  w i l l  b e  i n  o r b i t s  above t h e  a r e a  supported by TDRSS). 

These o b j e c t i v e s  represen t  a s i g n i f i c a n t  cha l l enge  t o  t h e  DSN, a s  i t  w i l l  b e  suppor t ing  many more s p a c e c r a f t  than  i n  
t h e  past, and i t  w i l l  b e  working a t  i n c r e d i b l e  new d i s t a n c e s  ( w e r  3 0  Astronomical Uni t s  - 3 t i m e s  t h e  d i s t a n c e  t o  
Saturn)  by t h e  end of t h e  decade. 

The major e f f o r t  planned dur ing FY 1982 i n c l u d e s  d e s i g n  and i n i t i a l  implementation of  antenna a p e r t u r e  expansion and 
a r r a y  ( thus  a l lowing  t h e  DSN t o  reach out  t o  t h e  edges of t h e  So la r  system),  and expansion of o p e r a t i o n s  a t  X-band and 
h i g h e r  f requenc ies  t o  b o t h  i n c r e a s e  t h e  bandwidth a v a i l a b l e  f o r  t h e  r e t u r n  of s c i e n t i f i c  d a t a ,  and t o  avo id  t h e  r a d i o  
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frequency i n t e r f e r e n c e  which i s  becoming a problem a t  t h e  S-band f requencies .  
i n  August of 1981, t h e  nex t  major p l ane t a ry  encounter  w i l l  b e  of Uranus by Voyager 2 i n  1986. 
occur  some 3 b i l l i o n  k i lome te r s  from Earth.  
i t  w i l l  t r ansmi t  t h e  f i r s t  images ever rece ived  from a s p a c e c r a f t  a t  such a d i s t a n c e .  The newly consol ida ted  network 
w i l l  r e c e i v e  i t s  f i r s t  major test of m u l t i p l e  antenna a r r a y  (more than 2 an tennas)  dur ing  t h i s  Uranus encounter .  
a d d i t i o n ,  t h e  des ign  and implementation of t h e  new consol ida ted  network must provide t h e  f l e x i b i l i t y  necessary  t o  
suppor t  near- Earth miss ions  t h a t  cannot  b e  supported by t h e  Tracking and Data Relay S a t e l l i t e  (TDRSS). 

Following t h e  Voyager 2 Sa tu rn  encounter  
This  encounter  w i l l  

A t  t h a t  t i m e ,  Voyager 2 w i l l  b e  ope ra t i ng  a t  a v e r y  h igh  b i t  rate because 

In  

New miss ions  which w i l l  b e  supported by t h e  network i n  t h e  1980s i nc lude  t h e  Venus Orb i t i ng  Imaging Radar (VOIR), a 
J u p i t e r  o r b i t e r  and probe- (Gal i leo) ,  and t h e  I n t e r n a t i o n a l  So la r  Po la r  Mission (ISPM). 
rendezvous miss ions  w i l l  a l s o  be  supported f o r  t h e  i n t e r n a t i o n a l  community. 

One o r  more Halley 's  Comet 

BASIS OF IT 1982 BUDGET: 

Implementation funding f o r  N 1982 p rov ides  f o r  t h e  i n i t i a l  phases of t h e  c o n s o l i d a t i o n  and c o l l o c a t i o n  of t h e  t h r e e  
Deep Space and ad j acen t  near- Earth (STDN) s t a t i o n s  i n t o  a modern and h igh ly  r e l i a b l e ,  automated network. This network 
w i l l  p rovide  enhanced spacecraft- ground telecommunications c a p a b i l i t y  and nav iga t ion  p r e c i s i o n  whi le  reducing  o v e r a l l  
maintenance and ope ra t ions  c o s t s .  The i n i t i a l  des ign  and implementation phase of t h e  program provides  f o r  des ign  and 
manufacture of  subsystem equipment t o  b e  deployed dur ing  conso l ida t ion  of t h e  deep space  and near-Earth t r ack ing  
networks. 
t o  reduce r equ i r ed  manpower. 
and r ece iv ing  equipment. 
co- locate t h e  antenna s t r u c t u r e s  wi th  a shared s i g n a l  process ing  c e n t e r .  
f a c i l i t i e s  a t  t h r e e  separate l o c a t i o n s ,  a l l  an tennas  w i l l  i n t e r f a c e  wi th  t h e  s i n g l e  process ing  cen te r .  
i n c l u d e  t h e  d i g i t a l  e l e c t r o n i c s  r equ i r ed  f o r  up l ink  command encoding, downlink demodulation, s i g n a l  record ing ,  and d a t a  
t ransmiss ion  f o r  a l l  of t h e  antennas i n  t h e  complex. 
shared  s i g n a l  process ing  a r e a .  The o v e r a l l  de s ign  w i l l  a l low antennas  t o  o p e r a t e  e i t h e r  independently (wi th  d i f f e r e n t  
i n d i v i d u a l  s p a c e c r a f t )  o r  i n  an a r rayed  f a sh ion  (more t han  one antenna t a r g e t e d  on a s i n g l e  s p a c e c r a f t )  t o  achieve  t h e  
increased  a p e r t u r e  necessary  t o  suppor t  t h e  h igh  d a t a  requirements  of miss ions  such a s  Voyager 2 a t  Uranus. 
d i s t a n c e  t o  t h e  s p a c e c r a f t  doubles,  t h e  antenna a p e r t u r e  needed t o  provide  an equ iva l en t  s i g n a l  goes up by a f a c t o r  of 
fou r  ( 4 )  - t h u s  t h e  need f o r  increased  antenna a p e r t u r e  a t  Uranus, which i s  tw ice  t h e  d i s t a n c e  t h a t  Sa turn  is  from 
Earth. While designed t o  suppor t  non-TDRSS compatible  miss ions ,  emergency backup suppor t  t o  c e r t a i n  mission phases of 
S h u t t l e ,  TDRSS, and o t h e r  Ear th  o r b i t i n g  s a t e l l i t e s  w i l l  b e  p o s s i b l e  w i th  t h e  consol ida ted  network. 
improved f l i g h t  p r o j e c t  suppor t  c a p a b i l i t y  whi le  achiev ing  s u b s t a n t i a l  r educ t ion  i n  ope ra t i ons  and maintenance c o s t s .  

This  equipment provides  c a p a b i l i t i e s  such as  maximum automation of t h e  ope ra t ion  of t h e  antenna system i t s e l f  
These automated systems w i l l  c o n s i s t  of antenna monitor and c o n t r o l ,  s a f e t y ,  t r ansmis s ion  

Also included i n  t h e  r eques t  a r e  funds f o r  t h e  engineer ing  e f f o r t  and f a b r i c a t i o n  r equ i r ed  t o  
Thus, i n s t e a d  of having independent suppor t  

This c e n t e r  w i l l  

Cent ra l ized  maintenance f a c i l i t i e s  w i l l  a l s o  e x i s t  w i th in  t h e  

As t h e  

The des ign  provides  

I n  conjunct ion  wi th  t h e  evo lu t ion  of t h e  conso l ida t ed  network, mod i f i ca t i ons  are planned a t  t h e  network c o n t r o l  c e n t e r  
t o  f a c i l i t a t e  schedul ing ,  s p a c e c r a f t  a c q u i s i t i o n  and t r a c k i n g ,  monitor and c o n t r o l ,  and o v e r a l l  coo rd ina t ion  of t h e  
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a c t i v i t i e s  of t h e  network. Funding a l s o  p r w i d e s :  continued development and improvement i n  f l i g h t  nav iga t ion  accuracy;  
development of a new frequency and t iming c a p a b i l i t y  u t i l i z i n g  f i b e r  o p t i c  technology f o r  s i g n a l  d i s t r i b u t i o n ,  and 
replacement of o b s o l e t e  frequency and t iming equipment. 

Concurrent wi th  t h e s e  important  engineer ing changes, FY 1982 funds will b e  requ i red  t o  mainta in  t h e  h igh  l e v e l  of 
r e l i a b i l i t y  f o r  support  of t h e  t i m e  c r i t i c a l  maneuvers and p lane ta ry  encounters .  
cont inuing program of equipment and f a c i l i t y  refurbishment ,  modi f i ca t ion  and maintenance t o  a s s u r e  compa tab i l i ty  of 
e x i s t i n g  equipment wi th  t h e  new systems being implemented i n  t h e  network. 

This w i l l  b e  accomplished through a 

1981 1982 
1980 Budget Current Budget 

Actual  Estimate E s t  i m  t e Estim t e 
(Thousands of D o l l a r s )  

Aeronautics and sounding rocket  support  
systems implementation.......................6....... 3,850 4,100 3,500 8,000 

OBJECTIVES Am s7!Al!us: 

The o b j e c t i v e  of  t h e  a e r o n a u t i c s  and sounding rocket  support  system implementat ion Program i s  t o  provide  f i x e d  and 
mobile ins t rumenta t ion  systems t o  meet t h e  t r a c k i n g ,  data  a c q u i s i t i o n  and range s a f e t y  requirements of t h e  a e r o n a u t i c a l  
r e sea rch  conducted a t  t h e  Wallops F l i g h t  Center  (WFC) i n  Virginia  and t h e  Dryden F l i g h t  Research Center  (DFRC) i n  
C a l i f o r n i a ,  and t h e  s c i e n t i f i c  i n v e s t i g a t i o n s  conducted wi th  b a l l o o n s  and sounding r o c k e t s  a t  Wallops and o t h e r  s e l e c t e d  
sites around t h e  world. The WFC and DFRC p r w i d e  t h e  f i x e d  ground ins t rumenta t ion  systems t o  support  a e r o n a u t i c a l  
research.  I n  a d d i t i o n ,  WFC p r w i d e s  b o t h  f i x e d  and mobile ins t rumenta t ion  t o  support  t h e  Sounding Rocket program. 

The a e r o n a u t i c a l  r e sea rch  e f f o r t s  and s c i e n t i f i c  experiments using sounding r o c k e t s  and b a l l o o n s  a r e  programs of a 
cont inuing n a t u r e  which remain a t  g e n e r a l l y  t h e  same lwe l  of e f f o r t  from year  t o  year .  To support  t h e s e  programs, WFC 
p r w i d e s  f i x e d  and mobile ins t rumenta t ion  sys tems;  namely, r a d a r ,  t e l e m e t r y ,  communications, command, data  handling and 
process ing systems. To mainta in  t h e s e  f a c i l i t i e s ,  s p a r e  and replacement p a r t s  must b e  acqu i red  and test and c a l i b r a t i o n  
equipment must b e  replaced r o u t i n e l y .  Due t o  t h e  a g e  of some of t h e  r a d a r ,  t e l e m e t r y  and impact p r e d i c t i o n  equipment, a 
phased program of necessary  replacement i s  underway i n  o rde r  t o  s u s t a i n  and imprwe  t h e  t r ack ing  and data sys tems  
suppor t  f o r  t h e s e  programs. To i n s u r e  t h e  maintenance of a n  a p p r o p r i a t e  lwe l  of real t i m e  c o l l e c t i o n  and handling 
c a p a b i l i t y  t o  meet c u r r e n t  and f u t u r e  requirements ,  a n  o r d e r l y  p lan  t o  r e p l a c e  o b s o l e t e  equipment has been de f ined  and 
i s  being implemented. To meet t h e  remote s i t e  sounding rocket  and b a l l o o n  suppor t  requirements ,  mobile equipment 
r e q u i r e s  p e r i o d i c  refurbishment and modi f i ca t ions .  
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CEAHGES FROM FY 1981 BUDGET ESTIMATE: 

The dec rease  of $600,000 i n  t h e  FY 1981 estimate i s  due t o  t h e  Congressional  r educ t ion  i n  t h e  FY 1981 a p p r o p r i a t i o n  
reques t  r e s u l t i n g  i n  a d e f e r r a l  of t h e  FPS-16 r a d a r  modernization a t  WFC u n t i l  FY 1983. 

BASIS OF FY 1982 ESTIMATE: 

The major p o r t i o n  of a e r o n a u t i c s  and sounding rocket  support  systems budget main ta ins  support  i n s t rumen ta t ion  a t  a 
proper  and r e l i a b l e  opera t ing  level  t o  meet s c i e n t i f i c  t r ack ing  and da ta  requirements  a t  v a r i o u s  l o c a t i o n s  inc luding  
DFRC, WFC and a t  f o r e i g n  sites. The i n c r e a s e  Over FY 1982 i s  reques ted  t o  fund long overdue replacement computers 
u t i l i z e d  f o r  impact p r e d i c t i o n  and r e l a t e d  data  process ing .  
r eques t .  

These w e r e  de fe r r ed  previous ly  i n  t h e  amended FY 81 budget 

1981 1982 
1980 Budget Current Budget 

A c t u a l  Est imate E s t  i m a  t e  Es t imate  
(Thousands of D o l l a r s )  

Communications systems implementation.. .  ............... 5,030 5,600 3,100 6,900 

OBJECTIVES AND STAT[rS: 

The o b j e c t i v e  of t h e  communications system implementation program i s  t o  provide  t h e  necessary  c a p a b i l i t y  i n  NASA's 
g l o b a l  communications network (NASCOM) t o  m e e t  new program support  requirements ,  t o  i n c r e a s e  t h e  e f f i c i e n c y  of t h e  
network, and t o  keep NASCOM a t  a h igh  l e v e l  of r e l i a b i l i t y  f o r  t h e  t r ansmis s ion  of da t a .  NASCOM i n t e r c o n n e c t s  t h e  
t r ack ing  and da ta  a c q u i s i t i o n  f a c i l i t i e s  which support  a l l  f l i g h t  p r o j e c t s ;  i t  a l s o  l i n k s  such f a c i l i t i e s  a s  launch 
a r e a s ,  test si tes,  and miss ion  c o n t r o l  c e n t e r s .  

The major e f f o r t s  underway i n  t h e  NASCOM a r e  t h e  implementation of a c o n t r o l  and s t a t u s  system t h a t  can remotely 
c o n t r o l  t h e  con f igu ra t ion  of t h e  TDRSS mul t ip lex ing  system a t  White Sands and t h e  implementation of a 50 megabits p e r  
second t r ansmis s ion  c a p a b i l i t y  connecting t h e  White Sands, Johnson Space Center ,  and Goddard Space F l igh t  Center f o r  
support  of Spacelab and Landsat-D missions.  

CEAHGES PRW FY 1981 BUDGET ESTIMATE: 

The dec rease  of $ 2 . 5  m i l l i o n  i n  t h e  FY 1981 funding level i s  due t o  t h e  Congressional  r educ t ion  which w i l l  d e f e r  t h e  
communications t e rmina l  r equ i r ed  t o  work wi th  t h e  Landsat-D t r a n s p o r t a b l e  ground s t a t i o n  t o  FY 1982. 
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BMIS OF FY 1982 ESTIMATE: 

The FY 1982 funding requirements  w i l l  p rovide  t h e  s u s t a i n i n g  equipment and mod i f i ca t i ons  t o  suppor t  the NASCOM network 
and t o  begin  e f f o r t  on replacement of  t h e  message swi tch ing  system a t  GSFC t o  co inc ide  wi th  t h e  TDRSS communications 
system which w i l l  ope ra t e  a t  v e r y  h igh  d a t a  rates. 

1980 
Actual  

Data process ing  systems implementation ................. 13,900 

1981 1982 
Budget Current Budget 

E s t i m a t e  E s t i m a t e  E s t i m a t e  
(Thousands of D o l l a r s )  

12,300 12,300 29,300 

OBJECTIVES AND S a m :  

The d a t a  process ing  systems implementation program provides  f o r  t h e  procurement of  equipment and r e l a t e d  services f o r  
t h e  l a r g e  computer complexes a t  t h e  Goddard Space F l i g h t  Center (GSFC) which suppor t  bo th  t h e  o p e r a t i o n a l  and payload 
requirements  of  space  missions.  To meet o p e r a t i o n a l  requi rements ,  t h e s e  computer complexes, u t i l i z i n g  s o p h i s t i c a t e d  
sof tware  programs, determine s p a c e c r a f t  a t t i t u d e  and o r b i t ,  gene ra t e  commands t o  t h e  s p a c e c r a f t  t h a t  provide t h e  s t a t u s  
of  onboard subsystems. 
a p p l i c a t i o n s  experiments  f o r  subsequent  t r a n s f e r  t o  t h e  experimenters .  

In  suppor t  of  s p a c e c r a f t  payloads,  t h e  computer systems process  t h e  d a t a  from s c i e n c e  and 

S i g n i f i c a n t  a c t i v i t i e s  i n  t h i s  program cont inue  a t  GSFC t o  keep t h e  l a r g e  computing complexes v i a b l e  and respons ive  t o  
p r o j e c t  suppor t  requirements .  The Telemetry On-Line Processing System (TELOPS) is  r o u t i n e l y  suppor t ing  a number of  
Ear th  o r b i t i n g  s p a c e c r a f t .  'Ihe Image Processing F a c i l i t y  (IPF) i s  gene ra t ing  products  f o r  Landsat ,  Heat Capaci ty 
Mapping Mission, and Nimbus 7. The program t o  r e p l a c e  many of  t h e  o l d  computers cont inues .  A c o n t r a c t  has  been awarded 
t o  r e p l a c e  t h e  computers which handle  metric t r ack ing  d a t a  and provide a d a t a  base  f o r  performing o r b i t  computations. 
Implementation con t inues  on a new system t o  p roces s  d a t a  from numerous and v a r i e d  experiments  which comprise t h e  
payloads of  e a r l y  Spacelab miss ions .  

BASIS OF FY 1982 ESTIMATE: 

The FY 1982 budget r eques t  w i l l  provide continued funding f o r  phased replacement of  t h e  e x i s t i n g  computer complex a t  
t h e  GSFC which provides  real t i m e  suppor t  t o  t h e  many NASA s p a c e c r a f t .  
ac t iv i t i e s  a s  r e a l  t i m e  a t t i t u d e  and o r b i t  de te rmina t ion ,  memory management f o r  onboard computers,  and f l i g h t  manewer 
c o n t r o l .  
becoming more d i f f i c u l t  and expensive,  b u t  t h e  more f r equen t  system outages  are becoming a t h r e a t  t o  spacec ra f t  
suppor t .  Fu r the r ,  system a r c h i t e c t u r e  r e q u i r e s  more ex t ens ive  sof tware  development t o  adapt  t o  new missions.  

Included i n  t h e  suppor t  are such c r i t i c a l  

This  computer complex i s  approximately f i f t e e n  yea r s  o ld .  Not on ly  are hardware and sof tware  maintenance 
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The FY 1982 funding reques t  p r w i d e s  f o r  con t inua t ion  of t h e  phased computer replacement program f o r  t h e  f l i g h t  
dynamics system and i n i t i a l  funding f o r  replacement of t h e  cormnand management and o r b i t  computation systems a t  t h e  GSFC. 

Funds a r e  a l s o  r equ i r ed  t o  cont inue  implementation of  t h e  Spacelab Data Processing F a c i l i t y .  This  c a p a b i l i t y  i s  be ing  
p r w i d e d  by  augmenting and shar ing  t h e  e x i s t i n g  f r e e  f l y e r  da ta  processing c a p a b i l i t y .  The e x i s t i n g  Univac 1108 
computers which a r e  about  15 y e a r s  o ld  a r e  be ing  rep laced  wi th  f a s t e r  systems,  thereby  providing t h e  a d d i t i o n a l  
c a p a b i l i t y  r equ i r ed  t o  handle  t h e  Spacelab da ta  r a t e s .  
f o r  a more r e l i a b l e  ope ra t i on  f o r  b o t h  Spacelab and f r e e- f l y e r  support .  

Funds a r e  a l s o  reques ted  f o r  upgrading t h e  f a c i l i t y  t o  p r w i d e  

There i s  a continuing requirement t o  procure and m i n t a i n  adequate  s u p p l i e s  of spa re  p a r t s  t o  r e p l a c e  f a i l u r e  prone 
and h igh  maintenance e l e c t r o n i c  modules, t o  p r w i d e  test equipment, and t o  undertake minor mod i f i ca t i ons  and hardware 
f a b r i c a t i o n  a s s o c i a t e d  wi th  new equipment i n s t a l l a t i o n  and r econ f igu ra t ion .  
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ADVANCED SYSTEMS 

BASIS OF FY 1982 ?"DING REQUIRRDWl'S: 

1981 1982 
1980 Budget Current Budget 

Actual  Es t imate  E s t  ima t e E s t i m a t e  
(Thousands of D o l l a r s )  

Advanced systems........ ............................... 10,600 11,300 11,300 12,500 

OBJECTIVES AND STATUS: 

The OSTDS advanced systems program conducts  s t u d i e s  and development of t r ack ing  and data a c q u i s i t i o n  systems and 
techniques  r equ i r ed :  (1) t o  o b t a i n  new and improved c a p a b i l i t i e s  f o r  t h e  networks and data f a c i l i t i e s  t o  meet t h e  needs 
of approved miss ions  and near- term new s t a r t s ;  and ,  (2) t o  improve t h e  cos t- e f f ec t ivenes s  and opt imize  t h e  r e l i a b i l i t y  
of t h e  o v e r a l l  t r ack ing  and da ta  a c q u i s i t i o n  support  f o r  t h e  t o t a l  mix of s p a c e f l i g h t  missions.  This  i nc ludes  advanced 
i n v e s t i g a t i o n s  i n  support  of upcoming missions a s  w e l l  a s  ground system t rade- off  s t u d i e s  t o  determine,  f o r  example, 
which approach would have t h e  lowest l i f e- c y c l e  c o s t s .  This  in format ion  can t h e n  b e  incorpora ted  i n t o  support  planning 
f o r  f u t u r e  space  missions.  

BASIS OF FY 1982 ESTIMATE: 

Most of t h i s  work i s  done through c o n t r a c t s  a t  GSFC f o r  t h e  Spacef l igh t  Tracking and Data Network (STDN) and b y  
engineers  a t  JPL f o r  t h e  Deep Space Network (DSN). 

I n i t i a l  s t u d i e s ,  development, and p ro to type  tests a r e  undertaken i n  t h i s  program t h a t  l e a d  t o  t h e  implementation of  
r equ i r ed  t r ack ing  and da ta  a c q u i s i t i o n  c a p a b i l i t i e s  f o r  support  of NASA f l i g h t  programs. Over t h e  yea r s ,  f o r  example, 
ground based nav iga t ion  accuracy  f o r  deep space  miss ions  has s t e a d i l y  i nc reased ;  i n  1977, w e  were a b l e  t o  gu ide  t h e  
Voyager s p a c e c r a f t  t o  w i th in  a n  a im poin t  a t  Mars only  60 km square.  E f f o r t s  a r e  underway t o  ach i eve  a n  a im poin t  of 
5 km square  f o r  support  of f u t u r e  p l ane t a ry  launches.  
and i n  FY 1982, technology f o r  f u r t h e r  improvements w i l l  b e  examined. 

Tests and eva lua t ions  of  t h e s e  nav iga t ion  systems a r e  cont inuing ,  

Telemetry da t a  r a t e s  handled by  t h e  DSN have inc reased  a t  a n  w e n  f a s t e r  r a t e  t o  t h e  ex t en t  that our  p re sen t  
c a p a b i l i t y  can handle  115 k i l o b i t s  pe r  second from J u p i t e r  d i s t ances .  Work w i l l  cont inue  i n  t h i s  a r ea  i n  FY 1982. It 
w i l l  i n c l u d e  e f f o r t s  on a 3 0  megabit t e l eme t ry  r ece iv ing  system t o  handle  wide-bandwidth r a d a r  and v i d e o  imaging d a t a ,  
on p r e p a r a t i o n s  f o r  experimental  t e s t i n g  of x-band command up l ink  developments using t h e  So la r  Po la r  mission,  and on 
automated s t a t i o n  opera t ing  technology. This development w i l l  g r e a t l y  enhance t h e  amount of s c i e n c e  i n f o r m t i o n  t h a t  
can  b e  obta ined  and ,  correspondingly,  t h e  p o t e n t i a l  s c i e n c e  v a l u e  of a l l  f u t u r e  investments  i n  p l ane t a ry  missions.  
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For t h e  near- Earth o r b i t i n g  sa te l l i tes ,  t h e  o v e r a l l  amount of d a t a  c o l l e c t e d  by t h e  STDN and processed each day shows 
how t h e s e  c a p a b i l i t i e s  have increased  t o  m e e t  t h e  r equ i r ed  suppor t  workload. 
w i l l  i n c r e a s e  by approximately a f a c t o r  of f o u r ;  moreover, w e  must work on methods t o  d e l i v e r  miss ion  d a t a  p r imar i l y  i n  
a real t i m e  mode t o  numerous and widely d i spe r sed  users .  Included i n  FY 1982 w i l l  b e  e f f o r t  in:  techniques f o r  
increased  onboard autonomy inc lud ing  pre- processing of t h e  t e l eme t ry  d a t a  stream b e f o r e  i t  is t r ansmi t t ed  from t h e  TDRSS 
user  s p a c e c r a f t ;  and t h e  development of wideband 100 megabit ,  communications l i n k s  t o  e l i m i n a t e  t h e  need f o r  s t o r e  and 
forward o p e r a t i o n s  a t  t h e  TDRSS ground te rmina l .  Work.continues on t e s t i n g  f i b e r  o p t i c s  a s  a means of  d i s t r i b u t i n g  h igh  
d a t a  rates (up t o  50 Mbs) between computers and payload process ing  c e n t e r s .  

As w e  move i n t o  t h e  TDRSS era, data volume 

E f f o r t  w i l l  cont inue  i n  M 1982 on frequency s t anda rds ,  t o  improve synchroniza t ion  of c locks  a t  s t a t i o n s  around t h e  
These systems have enabled world and on board t h e  s p a c e c r a f t ,  and t o  a c c u r a t e l y  measure i n t e r c o n t i n e n t a l  ba se  l i n e s .  

NASA t o  f i g u r a t i v e l y  t i e  toge the r ,  i n  t i m e  and space,  every  a c c e s s i b l e  p l a c e  i n  t h e  s o l a r  system. 
t r ack ing  techniques  t h a t  t h e s e  improvements make p o s s i b l e  a r e  v i t a l  f o r  miss ions  t o  t h e  o u t e r  p l a n e t s  and t h e i r  
sa te l l i tes  because of  t h e  extreme nav iga t ion  accu rac i e s  t h a t  such miss ions  r e q u i r e .  

The new and improved 
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FISCAL YEAR 1982 BUDGET ESTIMATES i 


